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Foreword 


Of the many insects that man finds objectionable it is the houseflies and their relatives 
that impinge most persistently upon his attention. Whether as sweatflies, houseflies or 
filth flies, as pests of domesticated animals, or as invaders of houses and farms, the 
Muscidae are abundant in tropical and temperate areas, at altitudes up to 5000 metres 
and in all habitats except the most arid. 

As larvac, many species are able to invade the waste produces of man’s domestic, 
agricultural and commercial activities, and adults proliferate in urban and semi-rural 
areas. Many adults may act as mechanical vectors of pathogenic organisms and others, 
especially in the Muscini and Stomoxyini, are cyclical hosts for a number of nematode 
parasites. These species are of obvious importance in medical and veterinary science. In 
the field of agriculture, there is one genus (A therigona) where the larvae are primary 
pests of cereal crop seedlings and are being increasingly recognised as serious pests in 
tropical and subtropical regions of the Old World. 

Yet there is another side to the coin, as this book clearly shows. The larvae of many 
Muscidae are facultative or obligate carnivores and exert a powerful control on 
populations of other coprophagous and saprophagous flies, including other Muscidae. 

There are some 3800 described species of Muscidae, and Peter Skidmore’s book, the 
result of over 25 years of sparetime investigations, deals with the biology and 
immature stages of some 440 of these. This is an impressive number, and covers a wide 
range of genera throughout the family, with most emphasis on the better-investigated 
coprophagous and saprophagous species. Many larvae and puparia are described for the 
first time, and an attempt is made to establish a uniform larval taxonomy for the 
family. The world literature on the biology and immature stages, widely scattered in 
time and space, has been critically reviewed and summarised. The result is a book that 
will enable immature stages to be more accurately identified than has previously been 
possible, whilst at the same time providing the systematist with a wealth of new data 
for study and analysis and the applied entomologist with a survey of the biological 
literature on all these species. It is a very real and fundamental contribution to our 
knowledge of the Muscidae. 


Adrian C. Pont 
British Museum (Natural History) 
London 





Preface 


When I first became interested in the British Muscidae some 30 years ago I found their 
identification extremely difficult yet challenging. I was surprised to find how often 
closely similar species proved to be unrelated. The long Pennine winters assumed a new 
and rewarding aspect when | started to collect the ubiquitous fly larvae from the old 
cow dung strewn over the frozen high pastures and awaited with excitement the 
emergence of the adult flies. I quickly found that in many instances I could much 
more readily identify species from their larvae or puparia than from the adults. It soon 
became a very easy matter to distinguish the Hebecnema, Hydrotaea and Azelia, and, 
whilst a second glance was always necessary to distinguish adults of Polietes domitor 
from Morellia, their larvae and puparia could not possibly be confused. I quickly learnt 
also that whilst many flies are seldom seen in the adult state, their larvae or puparia, 
once recognised, proved to be quite common. These and related early discoveries led 
to the protracted course of research culminating in the publication of this work. 

During the early days of my studies I was continually mystified by the assertion of 
Thomson (1937) that larval morphology was unrelated to systematics and I began to 
question both the statement and the contemporary system of classification. A wider 
study of existing articles and of those published subsequently, culminating in the 
muscid studies by Hennig (1955-1964, 1965), convinced me that in fact larval 
morphology had a major role to play in muscid systematics. Time and again changes in 
classification made on the basis of ‘new’ aspects of adult structure fell into line with 
conclusions which I had reached purely on larval features. 

Whilst having been employed in entomology during much of my working life my 
researches in muscid biology have been of an amateur nature and have suffered in 
consequence from very limited facilities, notably a small study and a microscope only 
affording magnifications of up to x 100. ven modest laboratory facilities have not 
been available and serious culturing experiments have been impossible. These 
conditions have clearly imposed restrictions on my researches and have led to their 
slow progress. Nevertheless it is evident that considerable advances are possible in this 
field for those having the most limited facilities, and nobody should be deterred by 
shortcomings of this nature. 

The purpose of this study is to survey the current state of our knowledge, with its 
many gaps, in this fascinating field of great relevance to human hygiene and economy. 
It is intended to supplement carlicr work and hence many aspects of biology and 
especially of internal morphology and physiology will need to be sought in appropriate 
works listed in the references. The distributional data is based on works cited in the 
references but the actual sources are, for the sake of brevity, usually not stated. 

Mr. Pont has kindly revised the nomenclature in this work so that it is in 
accordance with current literature and regional catalogues currently in press. 
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List of abbreviations used in the text 


The following abbreviations, appearing in figures 2—S and 7, relating to the larval 
mouthparts, have been used in the text in the interests of brevity: 


acc accessory stomal sclerite (figures 
4b, 5a) 

aco accessory oral sclerites (figure 5c) 

ans angular sclerites (figure 4b) 

ar anterior ribbon (figures 3b, 5c) 

at atrial angle (figures 5a, 7a) 

cut cutaneous teeth (figure 5d) 

da dorsal arch (figures 4a, 5a) 

dr dorsal ribbon (a fine linear structure above apex of mh; see figure 145a, Phaonia 
exoleta) 

ds dental sclerite (figure 4a) 

es  epistomal sclerite (figure 4a) 

hs  hypopharyngeal sclerite (figures 4a, 
5a) 

la labrum (figure 4a) 

mac dorsal condyle of mandibular 
sclerite (figure Sa) 

mes median sclerite (figure 4b) 

mh mouth hooks (figures 3b, 4a, Sa) 

ms mandibular sclerite (figures 4a, 5a) 

nes necklace structure (figures 4b, 5a) 

ob oral bar (figures 3d, 5c) 

od optic depression (figure 4b, 7a) 

ol optic lobe (figure 5a) 

pas parastomal sclerite (figure 4a) 

pdc posterodorsal pharyngeal cornu 
(figures 4b, 5a) 

ph pharyngeal sclerite (figure 4a) 

pe pharyngeal constriction (phe in figure 5c) 

por posterior ribbon (figure Sc) 

pve posteroventral pharyngeal cornu 
(figures 4a, 5a) 

sac salivary canal (figures 4b, 5a) 

shs subhypostomal sclerite (figures 4b, 
Sa) 

sm pharyngeal sieving mechanism 
(figures 4a, 5a) 

sub  suprabuccal teeth (figures 4a, 5d) 


Introduction 


Historical background 


Jan Swammerdam was apparently the first scientist to figure a muscoid larva, believed 
to be Fannia scalaris (F.) (Flloyd & Hill, 1758), but it was Réaumur who in the 1730s 
studied the life cycles of many species now included in the Muscidae. Particularly 
interested in insect fecundity and egg structure, he suggested that the horn-like 
processes on many fly eggs afforded buoyancy in liquid substrates. He was aware of 
the massive eggs and very low fecundity of Mesembrina meridiana and initiated the 
study of stercoricolous insect communities, noting that different dung types supported 
different species of flies and other insects (Skidmore, 1978). He was probably the first 
scientist to study the biology of Musca domestica, observing that it breeds only in sites 
with high fermentation, a discovery of crucial importance in understanding the biology 
of this insect. 

About 1766 von Gleichen produced the earliest monograph on the biology of 
Musca domestica, a remarkably comprehensive account which deservedly ran into 
many editions, the commonest of which was printed in 1790. Hewitt (1914) remarks 
that as late as 1905 it was still the most detailed study on this insect though by that 
time it was a rare work. A measure of the accuracy of von Gleichen’s figures may be 
gained from the fact that, in spite of all subsequent work done on this and related 
species of Musca, his figures of the larva of domestica are still identifiable with that 
species by the form of the anal spiracular slits and the cephalopharyngeal skeleton. 

Following the great advances made during the 18th century, the 19th appears as 
though the study of muscid biology was an extinct branch of science, for, apart from 
the valuable contributions of Bouché (1834), it was not until the early 20th century 
that the next major landmark was reached with the work of Portchinsky. However the 
19th century saw enormous advances in the establishment of a taxonomic framework, 
albeit a very artificial one, by major figures including Meigen, Robineau-Desvoidy, 
Macquart, Rondani and others, building on the earlier work of Linnaeus and Fabricius. 

Portchinsky’s greatest contribution was his discovery that some muscid larvae are 
predaceous, and he found that several species, including Muscina stabulans, Hydrotaea 
dentipes and Myospila meditabunda, exerted a controlling influence on populations of 
Musca domestica and Stomoxys calcitrans. Keilin explored further the implications 
of this, laid down ‘rules’ relating larval morphology and biology, and set a standard of 
description and draughtmanship which has seldom been excelled. 

During the 1930s, Thomson (1937) in southwest Scotland, and Hammer (1941) in 
Denmark, were independently studying the dipterous larvae of the cowdung 
community. Hammer’s work is now viewed as a classic in this field, and his careful 
descriptions of eggs had significant implications in subsequent phylogenetic studies. 
But his main approach was ecological. Thomson on the other hand was more concerned 
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with morphology and he described many muscid larvae and puparia for the first time 
and further elucidated Keilin’s rules. In 1947 he produced an interesting parallel study 
of the cowdung community in Assam. 

Stork (1936) described and figured many puparia for the first time, dealing mainly 
with species of no medical, veterinary or agricultural significance, which had been the 
main preoccupation of most researchers this century in muscid biology. Many very 
useful articles were produced since Thomson’s Scottish researches but some of the 
finest ‘figures were undoubtedly those of Zimin (1948, 1951), who seems to have been 
the first author to recognise the importance of spicular arrangement and of the papillae 
around the anal plate. He also provided valuable long descriptions, but entirely dis- 
regarded measurements. The only dimensions given are for gross body length and even 
these are highly suspect in some cases. Also, since his figures lack a scale, their short- 
comings cannot be made good. The work of Schumann (1963) was outstanding as 
regards draughtsmanship and attention to detail. 

Unquestionably the major figure in modern muscid studies was the late Prof. 
W. Hennig, who made a massive contribution to studies in biology with his ‘Die 
Larvenformen der Dipteren’ (1952), and followed this with his revision of the Muscidae 
of the Palaearctic Region (1955—1964) and his suggested phylogenetic classification of 
the family on a world basis (1965). 

The post-Hennigian era has seen great strides in our knowledge of muscid biology, 
thanks to the excellent work carried out on the larval and puparial morphology of a 
wide range of species by Deeming, Dodge, Ferrar, Kano, Kleynhans, Lobanov, Petrova, 
Schumann, Shinonaga & Kano, and many others. At the same time individual studies 
of particular species have led to excellent publications such as those of Robinson & 
Luff (1976) and Gouteux (1977). 

Réaumur’s pioneer studies on egg structure and physiology have been followed up 
by several subsequent workers, most notably by Hinton’s (1960, 1967) studies on the 
microstructure and physiology of muscine and other cyclorrhaphous eggs. 

Lobanov (1977a) appears to be one of the few who has followed up the researches 
of Réaumur in the question of muscid fecundity, with his work on ovariole numbers. 
Price (1975) asserts that the main factors determining fecundity and ovariole number 
in parasitic insects are firstly the probability of finding hosts, and secondly the 
probability of survival once established in the host. In the non-parasitic muscids a 
possible application of Price’s hypothesis may be that the main factors governing 
ovariole number are the probability of discovering a suitable pabulum, and the further 
probability of surviving once established there. I have not attempted to pursue this 
question but have, where possible, given known ovariole numbers. 

The first key to muscid larvae was given by Hennig (1952) but this extremely short, 
preliminary one has been completely superseded by a succession of increasingly 
comprehensive ones, the most recent of which was that of Skidmore (1979) which, 
however, dealt only with the Palaearctic fauna. The present work is the first attempt 
ona world scale and hopefully will lead to greatly improved keys in the future. 


Morphology of the immature stages of Muscidae 


The Muscidae are a large cosmopolitan family of calyptrate Diptera distinguished in 
the adult state from related families by the following combination of features: 
hypopleuron without strong bristles, postscutellum undeveloped, female postabdomen 
without spiracles beyond segment 6, anal vein evanescent long before wing margin, its 
projected extension not being intersected by the auxiliary vein. 

Most calyptrate eggs conform to the basic ‘Phaonia-type or ‘Musca-type’ as 
described below, and so a family definition on the basis of egg structure is not possible 
with current knowledge. However, some of the more spectacularly-horned eggs of the 
Mydaeinae and Coenosiinae are perhaps unique to the Muscidae. 

In most cases mature muscid larvae may be distinguished from related families as 
follows: cephalopharyngeal skeleton with paired accessory oral sclerites (at least oral 
bars), or, if these are absent, anal spiracular respiratory slits curved or angulate to 
tortuous, radiate or peripheral; parastomal sclerites always absent (except Eginiinae, 
in which they are very thick). Anal region very rarely visible in dorsal view and 
perispiracular field very rarely with conical peripheral papillae, so that the caudal 
segment usually appears + smoothly rounded behind in dorsal or lateral view. (Note 
that some muscid larvae are aquatic and these may possess abdominal false legs and 
sometimes long paired caudal processes.) Spiculation often greatly reduced or absent 
on much of body. 

Whilst most mature muscid larvae could be expected to be readily assignable 
to the family, the earlier instars of the great majority of dipterous larvae are so 
little known that one can have very little confidence in successfully identifying 
these. 

The above larval characters should suffice to distinguish the majority of mature 
muscid larvae from those of other families, but the general morphology is described 
in greater detail below. With our present knowledge certain characters may be 
regarded as virtually certain indicators of a muscid identity, but so many calyptrates 
are still unknown as larvae that a degree of caution is essential. However, highly 
developed oral bars and associated ribbons, as shown in figure 5c, d, would certainly 
be regarded as indicative of this family. Greater uncertainty surrounds species lacking 
these structures, since tortuous anal respiratory slits occur commonly in the 
Tachinidae, but here the cephalopharyngeal skelcton, whilst similarly lacking 
accessory oral sclerites, is significantly different from the type found in the Muscidae. 
As far as is known no other calyptrate larvae remotely resemble the aquatic forms 
found in the Coenosiinae. 

Many muscid puparia, as far as is known at present, appear to be sufficiently 
characteristic to be immediately recognised. In general muscid puparia tend to have 
the caudal segment devoid of the perispiracular tubercles which are so conspicuous on 
most calliphorid and anthomyiid puparia. The cephalopharyngeal skeleton, anal 
spiracular slits and often reduced spiculation provide further valuable clues. 














Figure 1. Electroscan photographs of various muscid puparia: a, ventral abdominal welt of Drymeia 
{Trichopticoides) vicana; b, section of same under higher magnification; c, left pupal respiratory 
horn of Hydrotaea (s. str.) albipuncta: d, ventral abdominal welt of Stomoxys calcitrans.e, ventral 
abdominal welt of Phaonia (Rohrella) subventa; f, section of the same under higher magnification; 
g, Tight anal spiracle of the same species; h, anal region of Muscine levida, (Scales — a, d, 0.1 mm.; 
b, 0.02 mm.;c, f, g, 0.04 mm.; e, 0.2 mm.; h, 0.4 mm. (Orig.). 








Figure 2, Ova of Muscidae: a, Musca-type; b, horned Musca-type (as in sg. Ltmusca); c, Phaonia- 
type; d, Mydaea-type; e, vertical section through chorion showing outer (o/), median (77/) and 
inner meshwork layer (i/), and enlarged canal (c) (e after Hinton, 1960, rest orig.). 


Ova 
(figure 2) 


Elongate-ovate, at most slightly concave dorsally, convex ventrally, dorsally with 2 ribs 
forming hatching pleats along which chorion splits when larva hatches. Hinton (1960) 
showed that the chorion consists of 2~3 layers: aninner, and often an outer meshwork 
layer in which there are numerous small aeropyles, and a median layer with fewer, 
larger aeropyles (e). Free surfaces normally covered with a continuous sheet of 
chorionin but where this absent the shell acts as a plastron which can stand very high 
hydrostatic pressures. Hinton showed that this plastronic effect enabled many fly eggs 
to withstand considerable wetting, a valuable assct in the fluid substrates in which 
many of these eggs are deposited. The inner meshwork layer has a system of enlarged 
canals which often appear on the outer surface as a raised hexagonal pattern. Usually 
creamy white or yellow, but in some stercoricolous species partly to wholly blackish. 
Length 0.8--5.0 mm. 

Two main types of eggs are found in the Muscidae, which differ in the form of the 
hatching pleats and possibly in chorionic structure. 
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(a) Musca-type (a), where the entire chorion has three layers as described above but 
without the external chorionic envelope. The hatching pleats are slightly raised 
carinae which terminate at or before the apices of the egg and may coalesce along 
much of their length. In some Musca and Morellia species an external chorionic 
envelope covers the whole outer surface except the dorsal strip which is produced 
anteriorly into a single median respiratory horn (b). 

(b) Phaonia-type, where the hatching pleats are broadly foliaceous and the outer 
meshwork layer is present only along the dorsal strip (c). A modification of this 
type is found in the Mydaeinae and some Coenosiinae, in which the hatching 
pleats are produced antcriorly to form paired respiratory horns which in some 
species are extremely long (see //elinomydaea}. This type is referred to as the 
Mydaea-type (d). 


It is thought that the broadened hatching pleats, dorsal strip, and the respiratory 
horns, when present, all have a plastronic effect and in some species (i.e. certain Musca 
species) plastron craters are found elsewhere on the outer surface. 


Larvae 
(figures 3—7). 


Trimorphic saprophages, haematophages, parasites, phytophages or facultative 
carnivores, to monomorphic obligative carnivores. Usually of generalised form (3a) but 
sometimes with distinct abdominal false legs and (or) caudal processes (some 
Coenosiinae) (7k-m). Externally the larval instars usually very alike save in size and 
development of spiracles, the metapneustic first instar lacking the prospiracular 
processes, and, like the second, having only 2 slits in each posterior spiracle (except 
Haematobia). 


Head 
(figure 3b). 


More or less deeply longitudinally bilobed, this bears the oral opening and associated 
sensorial papillae, the oral grooves spreading out fanwise from the oral opening and 
often extending onto the dorsal surface, and onto the antenno-maxillary complex 
anteriorly. Behind the oral opening are the paired labial palpi with minute distal 
papillae, whilst similar pairs of papillae lie between the antenno-maxillary complex 
and the oral opening. Projecting from the latter, the tips of the mouth hooks are 
usually visible in later instars, whilst in all instars one or more pairs of suprabuccal 
teeth may be present around the anterior margin of the opening. Also, in some, mainly 
facultatively carnivorous third instar larvae, a row of cutaneous teeth may be present 
along the most proximal of the oral grooves. The oral grooves, which are usually most 
numerous in later instars, take the form of partially closed tubes whose walls almost 
extend over them and where two meet a valve-like flap covers the lumen below the 
intersection. The 2-segmented antennae have an olfactory function and the basal 
segment sometimes has an internal sclerotised bulb (see Polietes). 
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Figure 3. Morphology of typical muscid larva and puparium: a, mature larva (lateral view) showing 
H head, 7 thoracic segments 1-3, A abdominal segments 1 —8, pr prospiracular process, sb anterior 
spine band, ps pleural sclerite, ms lateral muscle scar, yw ventral abdominal welts, pre pre-anal 
welt, ap anal plate, pa postanal papilla, se subanal papilla, paa para-anal papilla, ex extra-anal 
papilla, as anal spiracle, pt perispiracular tubercle, dg dorsal groove (dorsal muscle scar of caudal 
segment); b, head of mature Jarva (lateroventral view), showing ant antenna, an antennomaxillary 
complex, spa sensorial papillae, ar anterior ribbon, mth mouth hooks, od oral bar, prsb prothoracic 
anterior spine band, /p labial palp, og. oral grooves, pr prospiracular process; c, posterior end of 
larva showing ventral surfaces of abdominal segments 7 and 8 (Le. caudal segment); d, puparium in 
dorsal (upper) and ventral (lower) aspect. (Orig.). 





Figure 4. Cephalopharyngeal skeletons of first and second instar larvae of Musea domestica: a, first 
instar, showing: sub suprabuccal teeth, mh mauth hook, ms mandibular sclerite, ds dental sclerite, 
la labrum, es epistomal sclerite, hs hypopharyngeal sclerite, pes parastomal sclerite, de dorsal arch 
of pharyngeal sclerite, ph pharyngeal sclerite, sm pharyngeal sieving mechanism, pve posteroventral 
pharyngeal cornu, pde posterodorsal pharyngeal cornu; b, second instar, showing: mes median 
sclerite, ans angular sclerite, acc accessory stomal sclerite, shs sub-hypostomal sclerite, sac salivary 
canal, nes necklace structure, od optic depression, (other abbreviations as in figure a) (Orig.). 


For taxonomic purposes the cephalopharyngeal skeleton of the late final instar larva 
(figure 5) is of primary importance. Roback (1951) and others state that muscids 
differ from other calyptrates in having the mouth hooks always closely apposed, no 
parastomal bars, and no linear fenestrae or phragmata in the pharyngeal cornua. This is 
not wholly correct as widely spaced mouth hooks occur in several Reinwardtiinae and 
massive parastomal bars are present in Eginia. The presence of well-developed oral bars 
and associated ribbons, long regarded as a feature restricted to the predaceous muscids, 


is not entirely conclusive, for Ferrar (1976) found conspicuous oral bars in Amenia 
(Calliphoridac), and the median process below the mouth hooks in some Calliphorinae 
may be derived from a fusion of ancestral oral bars (Y.Z. Erzinclioglu, pers. comm.). 
Further work on calliphorid larvae will probably show that oral bars occur more 
widely in that family, although their maximum development will doubtless remain a 
peculiarly muscid feature. The larval mouthparts however, of most calyptrates undergo 
major changes during successive instars, the morphology in earlier instars usually (in 
Muscidae at least), being radically different from that of the final instar. Amongst 
genera whose earlier instars have been examined, only in Philornis do all three instars 
have more nearly similar mouthparts, although many other Reinwardtiinae have the 
second and sometimes the first instar armatures more heavily sclerotised than normal. 
Eginia is similar in this respect but is so aberrant in most features that it probably does 
not belong in the Muscidae. 

The typical morphology of the cephalopharyngeal skeleton in each instar of a 
trimorphic saprophagous muscid is exemplified by Musca domestica (figures 4, 5a, b). 
In dimorphic forms, in which Ferrar (1979a) suggests the first and second instars have 
coalesced, the structure is much more simplified than in second stage trimorphic larvae 
(figure 4b). In these larvae, the first instar, and in monomorphic forms the second also, 
is spent inside the egg, and almost nothing is known of the morphology of the 
mouthparts. Schumann (1963) however examined and figured the unhatched first 
instar of Hydrotaea irritans, showing it to be very like the Musca type figured here. 
Ferrar (1979a) found that in Helinomydaea ? flavofusca and H. sp. indet. (near 
flavofusca), the unhatched second instar larva has much less sclerotised mouthparts 
than in free-living, second instar forms. In the third instar, predatory muscid larvae 
have sometimes highly complex oral bars and associated ribbons (aco) and it is clearly 
from such predaceous antecedents that the remarkable phytophagous Atherigona s. 
str. arose, for in this group the oral bars have become massively enlarged and have 
largely taken over the function of the mouth hooks (figures 88-95). In Philornis and 
Passeromyia the heavy sclerotisation of the mouthparts of earlier instars is probably a 
secondary adaptation for cutting through the skin of their hosts to feed on the 
blood. 

The mechanism of the cephalopharyngeal skeleton in relation to the associated 
musculature is discussed by Roberts (197la) who also deals with the specialised 
accessory sclerites found in predatory muscids where the oral bars twist as the mouth- 
hooks strike downwards. Skidmore (1973) notes that the bars also exhibit an 
additional lateral movement in addition to twisting so that, whilst the hooks cut ina 
vertical plane, the oral bars slice in an horizontal one. This accelerates the process of 
entry by the predator into the body of the victim. Roberts makes the interesting point 
that the extremely slender heavily sclerotised cephalopharyngeal skeleton found in 
many species is an adaptation also for rapid entry. If this is so, then it is not clear why 
many other predatory species have very broad, lightly sclerotised pharyngeal sclerites 
(see Phaonia s. str.). 
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Figure 5. Cephalopharyngeal skeletons of mature larvae: a, Musca domestica (lateral view), showing 
mh mouth hooks, ms basal part of mandibular sclerite, mac dorsal condyle of mandibular sclerite, 
ds dental (or dentate) sclerite, acc accessory stomal sclerite, sks sub-hypostomal sclerite, As hypo- 
pharyngeal (or hypostomal) sclerite, see salivary canal, ef atrial angle, o/ optic lobe, da dorsal arch 
of pharyngeal sclerites, phe pharyngeal constriction, pde posterodorsal pharyngeal cornu, pve post- 
eroventral pharyngeal cornu, sm pharyngeal sieving mechanism, nes necklace structure; b, M. 
domestica (dorsal view); ¢, oral sclerites of typical obligative predatory muscid larva showing aco 
accessory oral sclerites, comprising: ar anterior ribbon, ob oral bar, por posterior ribbon; d, oral 
sclerites of typical semi-predatory muscid larva showing: sub suprabuccal tooth, cut cutaneous 
teeth (or denticular row). (Orig.). 
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Thorax 
(figure 3a). 


Since, as Ranade (1965) pointed out, the first 3 post-cephalic segments carry internal 
imaginal leg discs and segments 2 and 3 also have internal imaginal wing discs, these 
segments are clearly the pro-, meso- and metathorax respectively. The prothorax also 
carries the prothoracic spiracular processes and cannot therefore be regarded as a 
double segment as suggested by Hewitt (1914). These three segments also usually have 
anterior spine bands, that on the prothorax usually being broader and invariably 
complete (i.e. extending over dorsal surface), but the prothoracic one may be further 
ramified ventrally by an additional lunulate patch of spicules behind the main band. 
The meso- and meta-thoracic spine bands are often incomplete dorsally or may be 
wholly wanting. Ventrally, on each thoracic segment, behind the spine bands are a pair 
of clusters of tiny setiform processes, more approximate on the prothorax than on the 
following segments. Keilin (1915) said that the innervation of these structures infer- 
red that they may be vestigial thoracic legs, whilst Hafez, Wigglesworth and others 
have shown them to be moisture sensors. Kleynhans (1969) refers to vestigial meta- 
thoracic spiracular openings in the anterior metathoracic spine band in Musca domes- 
tica, Ranade (l.c.) gives a detailed account of the tracheal system of the mature larva 
of Musca domestica nebulo, 


Abdomen 


This comprises 8 distinct, separate segments, of which 3—7 or 8 are of approximately 
equal width, whilst 1 and 2 are tapered. Intersegmental regions form retractile, usually 
spiculate, ambulatory welts ventrally, and normally smooth, elliptical pleural sclerites 
laterally. Lateroventrally and laterodorsally are a more or less horizontal series of 
pores, sometimes with scattered spicules, forming the lateral muscle scars. The caudal 
segment consists of 3 fused segments (8, 9 and 10). Segment 8 usually has 3 
longitudinal lines of pores dorsally, forming the dorsal muscle scars, whilst on the 
posterior or posterodorsal face, is the perispiracular field encircling the anal spiracles. 
Segments 9 and 10 constitute the anal region which is less developed than in 
Calliphoridae and Sarcophagidae and normally invisible in dorsal view, except in 
some Reinwardtiinae. Anteroventrally, on the caudal segment (figure 3c), behind the 
preanal welt, is the anal plate, which in some Muscini is extremely large and distinct 
(figures 64-65, 72—80). There may be up to 3 pairs of anal papillae on the anal plate 
and a further 3 pairs behind, in addition to the median postanal (i.e. extra-anals at the 
outermost edge of the anal plate, para-anals and subanals closest to the postanals) 
(figure 3c). This papillar arrangement appears to be typical of the Muscidae, differing 
from that found in related families. However, certain Reinwardtiinae (i.e. Passeromyia 
and Philornis) much more closely approach the aberrant haematophagous calliphorid 
Protocalliphora, whilst in most obligative carnivorous muscids some or all of the 
papillae of the anal region may be entirely absent. The perispiracular field in many 
lower Muscids often has 6—8 peripheral tubercles but these are very rarely as 
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Figure 6. Anal spiracles of various muscids showing arrangement of scar and respiratory slits: a, 
typical spiracle showing: i, filaments emanating from perispiracular gland openings; iz, peritreme; 
ili, respiratory slit; iv scar (or button); b—-f show location of scar; f—j show orientation of slits; k-o 
show shape of slits; b, scar dorsal (Philornis falsificus, the only known example of this type); c, scar 
superior; d, scar median; e, scar inferior; f, scar central, slits encircling; g, slits peripheral; h, slits 
parallel; i, slits convergent; j, slits radiate, k, slits straight; 1, slits sinuate;m_ slits bowed (curved or 
angular); n, slits serpentine; o, slits tortuous (Orig.). 
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conspicuous as in other Calyptrate families (i.e. Anthomyiidae, Scathophagidae, 
Calliphoridae and Sarcophagidae). In Passeromyia however the first instar larva has 
these replaced by extraordinarily long filaments. 

In the Coenosiinae and certain Phaonia species, the larvae are adapted to an aquatic 
life and have developed abdominal false legs from the ventral abdominal welts. In the 
former group also the caudal segment may bear long processes arising from the preanal 
welt (i.e. Lispoides, Caricea etc.) or the extraanal papillae (i.e. Xenomyia and some 
Limnophora s. lat.), and from the perispiracular field. 

Muscid larvae exhibit a definite trend towards reduction in spiculation. In some 
Reinwardtiinae and Muscinae the body is almost wholly clothed in spicules, whilst 
many Phaoniinae lack distinct ones even on the ventral abdominal welts. In the 
majority of species however there is a complete anterior spine band on at least the 
prothorax and conspicuous spicules on the ventral abdominal welts. In this work 
the ventral abdominal welt is numbered according to the segment on which it stands 
(viz. — ventral abdominal welt 4 is that on the fourth abdominal ventrite). 

The anal spiracles of the mature larva are of major importance for taxonomic 
purposes and the main types of arrangement of the respiratory slits are shown in 
figure 6. In first and second instar larvae there are 2 slits per spiracle, whilst in final 
instar larvae there are 3 (Haematobia is abnormal in possessing 3 in the second instar). 
Insufficient is yet known of the range of forms in earlier instars but, since they change 
throughout larval life, their value for taxonomic purposes is probably limited. 


Puparia 
(figure 3d) 


Since the puparium is the contracted skin of the final instar larva, most of the external 
features remain visible though in a distorted state, and the larval mouthparts are cast 
onto the floor of the thoracic segments. During formation of the puparium the pupal 
horns are extruded through the dorsolateral walls of the first abdominal segment, just 
before the posterior boundary. These permit gaseous exchange between the pupal 
prothoracic spiracles and the atmosphere. 

Whilst most muscid puparia are of the generalised type figured in 3d, many are 
highly distinctive even though the corresponding larvae may be of the unspecialised 
type shown in figure 3a (i.e. Atherigona, Drymeia). 


Relationship between morphology and biology in muscid larvae and 
puparia 


Ferrar (1979a) modified some of the ‘rules’ drawn up by Keilin (1915) and later 
authors and discussed by Skidmore (1973). The currently acceptable hypotheses are 
as follows: 
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1. A sieving mechanism (sm) occurs in all known trimorphic larvae and in some 
dimorphic ones (i.e. Helinomydaea). Micro-sectioning of the pharyngeal floor of a 
wide range of monomorphic and dimorphic forms is desirable to ascertain if these 
structures occur widely. The structure is described in detail by Keilin (1917). 

2. All known carnivorous species have well-developed oral bars and anterior ribbons 
(aco), but in some species these are apparently being lost due to reversal to non- 
carnivorous diet (i.e. Metopomyia, Eudasyphora, Pyrellia). 

3. Massive anal spiracles (AB > 0.040*) indicate trimorphism. 

4. Minute anal spiracles (AB < 0.010") indicate reduced number of instars, the smallest 

being probably monomorphic. (*NB. AB ratios refer only to puparia). 

. Obligative carnivores found in dung do not have gut discolored by the dung. 

. Dung-frequenting larvae with dung in gut are coprophagous or facultative carnivores. 

. Most wholly aquatic larvae have false legs and often long anal spiracular processes. 

. Obligate phytophages have ob massively enlarged and As and pA often fuscd (i.e. 

Atherigona s. str.). 


OIA 


Ferrar (l.c.) outlines the problems of drawing biological inferences from 
morphology and rightly advocates observation of behaviour of larvae. However this is 
not always an available option (e.g. with puparia or preserved material) and hence it 
is desirable to have some guidelines for inferring habits from structural details. In fact 
complete certainty can accompany some such inferences. Thus, a dung-frequenting 
muscid maggot with very large anal spiracles possessing 3 tortuous respiratory slits, no 
accessory oral sclerites (aco), and a gut heavily stained by dung, is clearly a non- 
carnivorous coprophage. Conversely, onc with minute anal spiracles, very well- 
developed aco and entirely concolorous yellowish cream gut, is a carnivore. 

Based on the above hypotheses the 5 types of larvae found in the Muscidae may be 
distinguished as follows: 


Trimorphic saprophage (i.e. non-carnivorous forms, including haematophages and 
parasites). Anal spiracles large to massive (AB > 0.030). Ph often with large translucent 
areas, especially along floor which usually has conspicuous sm; aco absent or with at 
most a vestigial ob; ds often not united to form ventral arch. (Found in the Eginiinae, 
some Reinwardtiinae, all Muscini and all Stomoxyinac.) 

Trimorphic obligative phytophage. Ob massively enlarged and often toothed beneath 
(figures 95—102); hs and ph entirely fused or nearly so. (Found in Atherigona s. str.). 
Trimorphie facultative carnivore. Anal spiracles large to very large (AB > 0.025). Aco 
well developed, extending over front end of mh; sm present and ph often with broad 
translucent areas, especially ventrally. (Occurs -in Reinwardtiinae, Achanthipterinae, 
Azeliinae, Mesembrinini and Atherigona sg. Acritochaeta.) 

Dimorphic obligative carnivore. Anal spiracles very small and ph without obvious sm 
(but see Helinomydaea). Aco always well developed and ds usually fused: pA more 
often heavily and-uniformally sclerotised. (Occurs in some Azeliinae, Mydaeinae, 
Coenosiinae and Phaoniinae.) 

Monomorphic obligative carnivore. Differing only from previous type in degree and 
hence difficult to distinguish. However, the smallest anal spiracles can be expected to 
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be found in monomorphic forms. (Common amongst Coenosiinae and Phaoniini, 
less so in Mydaeinae and perhaps present in some Azeliinae.) 


Biology of the Muscidae 


Space permits only the briefest outline of the biological diversity of the family. 
Further details are given in the main text of the work. 

Whilst most muscids are oviparous, vivipary occurs rather commonly in the 
Reinwardtiinae, Muscinae and, perhaps, in the Mydaeinae, but is unproven in other 
subfamilies. In the Eginiinac, Reinwardtiinae, Achanthipterinae, the lower Azeliinae, 
the Muscinae, Stomoxyinae and Atherigoninae, the first instar larva hatches from the 
egg. In viviparous species this occurs in the parental oviduct but larviposition may 
occur in any instar. However, all larvae hatching in the first instar are termed 
trimorphic (i.e. 3 larval instars). In the higher Azeliinae, and the lower Mydaeinae, 
Coenosiinae and Phaoniinae it is the second instar larva which leaves the egg, whilst in 
many of the last 2 subfamilies, the higher Mydaeinae and perhaps some Azeliini it is 
the final instar which emerges from the egg; these two types are termed dimorphic and 
monomorphic respectively. 

Apart from the haematophagous Reinwardtiini (i.e. Passeromyia and Philornis), 
the coprophagous Muscini and Stomoxyinae and the phytophagous Atherigona s. str. 
species, the vast majority of muscid larvae are at least partially carnivorous in the final 
instar if the opportunity arises. This facultative carnivory usually occurs in trimorphic 
species, obligative carnivory apparently being the normal result of reduction of free 
instars. Facultative carnivores can reach maturity on a vegetarian diet, whilst obligative 
carnivores cannot. Even normally non-carnivorous species may be predatory on rare 
occasions (i.e. see Musca domestica). 

Skidmore (1973) referred to ecological differences even at subfamily or tribal level 
and many of these still apply, despite the considerable amount of data produced since 
that paper. Table 1 summarises the current state of knowledge in this regard. 

An interesting phenomenon in many muscids is the production of cocoons prior to 
pupariation. This has been studied by Ferrar (1980) and may have some phylogenetic 
significance. It occurs commonly in the Reinwardtiinae, Atherigoninae(?), Mydaeinae, 
the brontaeine Phaoniinae and in a very few Helina and Phaonia species (Phaoniini). 
Debris is usually agglutinated by a frothy oral exudate or by means of very sparse silk- 
like threads (i.e. Helina pertusa). 

The term ‘pupariation’ is used throughout this work in preference to pupation. 
These physiologically distinct terms are commonly confused in the literature, but the 
latter assumes a knowledge of the internal processes within the puparium. The former 
merely refers to the contraction and sclerotisation of the final instar larval skin, 
accompanied by extrusion of the pupal spiracular horns though the laterodorsal 
surfaces of the first abdominal segment. 

Following emergence from the puparium the adult rapidly utilizes any residual 
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Table 1. The occurrence of certain larval habits etc. in Muscidae. 








Taxonomic group No. Ao 2, (Bo. -G4 D «. Ey. F G .H I J 
Eginiinae 2 xX 

Reinwardtiinae 34 0 0 ? 0 ? 0 0- 
Achanthipterinae 1 x 

Azeliinae 30 . 0 0 0 

Mesembrinini 9 ? X 

Muscini ° 38 x Q-- 
Stomoxyinae 14 xX 

Atherigoninae (Acr.) 6 x ? 
Atherigoninae (Ath.) 32 XxX 2 
Mydaeinae $2 ? xX ? 
Coenosiinde 74 0 0 xX 

Brontaeini 21 Xx 0 
Phaoniini 88 0 x 





Key A Obligatory parasites on invertebrates (i.e. Diplopoda, Gastropoda) 
B Obligatory parasites on birds 
C Non-carnivorous coprophages/saprophages 
D Phytophagy (not including those with larvae known to be carnivorous which may occur in 
plants) 
Humicoles 
Aquatic 
Facultative carnivores 
Obligative carnivores (i.c. dimorphic or monomorphic species) 
Cocoons produced by mature larvac 
Viviparous species 


All known species in group 

Many species in the group 

Recorded in very few species in group 
? Unconfirmed records for the group 


°- ox, “TTA TNSE 


NB. The first column gives the number of species in group for which appropriate data is available. 


reserves of larval fat body and the concentration of these materials has been studied as 
a means of estimating the age of flies. Ferrar (1979b) however found that larval fat 
body was absent from adults of Haematobia exigua. 


Preparation and examination of material 


In an earlier work (Skidmore, 1973) L recommended techniques for clearing specimens 
of larvae and puparia to examine the cephalopharyngeal skeletons. However, unless the 
clearing can be very carefully controlled the process is inadvisable, since important 
features (e.g. optic lobe etc.) are liable to be rendered invisible. The great majority of 
specimens examined for this work have not been cleared for this reason. The larval 
mouthparts have been carefully detached from the puparia in a solution of alcohol 
with traces of glycerine and acetic acid which renders them perfectly pliable, and after 
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examination they have been replaced in the specimen. A procedure using hydrogen 
peroxide, caustic potash and glacial acetic acid, which can be precisely controlled, but 
which I have not used in any of the preparations for this work, is described by 
Henshaw & Howse (1981). 

Larvae are easily killed by immersion in hot water and may be preserved in any of 
the traditional fixatives. Puparia should be staged with the flies which have emerged, 
preferably in small vials, extreme care being taken to ensure that if several specimens 
or species have been reared together, the flies and puparia are not mixed. If puparia are 
carded, they are best gummed by a lateral surface so that the ventral and dorsal surface 
can be easily examined. The anterior ‘flaps’, loosened by the emergence of the 
adult can be gummed to the card beside the puparium but the ventral one, upon which 
the larval mouthparts rest, should be so fixed that these structures can be easily 
removed for examination as described above. Also it should be borne in mind that the 
anal spiracles are of great taxonomic importance and they should not be obscured by 
the pin passing through the card stage. Carded specimens should be stuck with a water- 
soluble gum (i.e. gum tragacanth). 


Identification of muscid larvae and puparia 


With the current fragmentary knowledge of the immature stages of world species the 
identification of an unknown muscid maggot or puparium except in areas with a very 
restricted fauna, is fraught with uncertainties. Nevertheless some progress should be 
possible, and I have found that it is generally not difficult to assign mature larvae or 
puparia to the correct group. 

It will be evident from Table 1 that some clues to possible identity can be drawn 
from a knowledge of the habitat or pabulum, especially when it can be ascertained to 
which of the 5 larval types the unidentified specimen belongs. The main difficulty in 
this connection will be distinguishing between dimorphic and monomorphic forms, 
but this is of little more than academic interest in our present state of knowledge. It 
will be seen from Table 1, for instance, that a non-carnivorous type found in dung is 
most likely (with present knowledge) to belong to the Muscini or Stomoxyinae. It 
should however be borne in mind that in several regions (especially the Neotropical), 
the stercoricolous muscids have not been investigated and in such areas other 
possibilities may exist. A key is provided to species level where possible, but, as stated 
above, it is often possible to make short cuts to the most probable groups. 

In examining larvae or puparia the most important features arc: 

(a) General body form, including presence of false legs, caudal processes, shape and 
size of anal plate and arrangement of adjacent papillae, extent of spiculation and 
details of spicular arrangement on the ventral abdominal welts and anal region. Most of 
these details of course undergo considerable modification during pupariation and they 
are best examined by electroscanning, but many puparia are of highly distinctive 
form (e.g. the Ochromusca group, the Atherigoninae, the aquatic Coenosiinae and 
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Figure 7. a, Pharyngeal sclerite showing: @¢ atrial angle, od optic depression, sm sieving mechanism; 
b, cephalopharyngeal skeleton of mature Atherigonae s. str. larva (note the massively developed oral 
bar and the fusion of the hypopharyngeal and pharyngeal sclerites); c, puparium of Atherigona 
(note the truncate anterior end); d, anal spiracles of Hydrotaca (Hydrotaeoides) dentipes showing 
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Phaonia etc.). In the Hydrotaeini, Brontaeini, Hebecnema (Mydaeinae) and the Phaonia 
jaroschewskii group the pupa! horns are often remarkably long and stout. In some 
Reinwardtiinae, Atherigoninae, Mydaeinac, Brontaeini and a few Helina the puparia 
are enclosed in cocoons. In the Muscini many Musca and Neomyia species have 
enormous anal plates and many of the former genus (especially in subgenera Fumusca 
and Viviparomusca) have whitish puparia. Morellia larvae and puparia are unmistakable. 

(b) Anal spiracles. Important features are the relative size, and the orientation and 
shape of the respiratory slits in relation to the scar (or button as it is often called). 
Figure 6 shows the range of variation found in the family and some types are of very 
limited occurrence. Thus, amongst the muscids, the highly tortuous slits are only 
known to occur in the Muscinae and Reinwardtiinae, but the orientation of the slits 
relative to the scar differs in the two subfamilies (compare figures 6b and 60). Only 
one species, Philornis falsificus, is yet known in which the scar is dorsal. A useful 
measurcment is the AB ratio, defined by Skidmore (1979) as the vertical diameter of 
the spiracular plate (across the peritremc) divided by the body length of the puparium. 
Ratios in excess of 0.040 indicate trimorphic Reinwardtiinae, Muscinae, Stomoxyinae 
and Atherigoninae. Conversely, ratios below 0.010 are obligative carnivores (probably 
all monomorphic), belonging in the Azeliinae, Mydaeinae, Coenosiinae and Phaoniini. 
Values from 0.010—0.040 include most of the dimorphic and trimorphic forms but 
among these there is considerable overlap. It is however reasonable to conclude that 
most values between 0.010 —0.020 will be the former and most above 0.020 will be the 
latter. Skidmore (1979) found that undernourished examples usually have abnormally 
large anal spiracles and hence high AB values. In a few unrelated groups the anal 
spiracles are on the dorsal surface of the caudal segment of the puparia (i.c. the 
Ochromusca group, Achanthiptera and some Helina species). In those species which 
have tortuous anal spiracular slits a special notation is introduced: (5:5:6) means 
there are 5 major bends in the upper slit, 5 in the middle and 6 in the lower. 

(c) Larval mouthparts. Many groups have highly characteristic larval mouthparts, as 
a brief study of the accompanying figures will reveal. Details of primary importance 
are the development of the oral sclerites, especially the presence or absence of distinct 
oral bars and adjacent ribbons etc (aco), presence or absence of a distinct atrial angle 
(at), location of optic depression (od) (i.e. either superior or median), degree of 
sclerotisation of the pharyngeal sclerite (w#) and presence or absence of a ventral 
sieving mechanism (sv). Note also the depth of the pharyngeal sclerite relative to length, 
defined as the PS ratio. Values below 0.20 are only so far recorded in Alloeostylus, 


inferior scar and orientation of slits; e, stellate prospiracular process of Azelia puparium; f, normal 
form of prospiracular process in Muscidae; g, pharyngeal sclerite of mature Hydrotaea s. str. larva 
showing asymmetrical posterior cornua and obsolete atrial angie; h, pharyngeal sclerite of Drymeia 
showing very short pharyngeal constriction, very long symmetrical posterior cornua, conspicuous 
atrial angle and superior optic depression; i, larva of normal form (see Table 2/1);j, larva with short 
retractile false legs on ventral abdominal welts but caudal segment rounded behind (see Table 2/3); 
k, larva with short anal spiracular processes (see Table 2/4); 1, larva with long false legs on pre-anal 
welt and long anal spiracular processes (see Table 2/5); m, larva with long processes arising from 
region of extra-anal papillae or behind anal plate and with long anal spiracular processes (see Table 
2/6) (Orig.). 
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Figure 8 Pharyngeal and hypopharyngeal sclerites of various predatory muscid larvae: a, hypo- 
pharyngeal sclerite very shallow and pharyngeal sclerite very broad (Phaonia s. str.); b, dorsal 
expansion on posteroventral pharyngeal cornu; c, posterior cornua equally broad; d, posteroventral 
cornu much deeper than posterodorsal; e, posteroventral cornu slightly longer than posterodorsal; f, 
pharyngeal constriction with faint fenestra; g, posteroventral cornu much shorter than 
posterodorsal; h, hypopharyngeal sclerite with very acute dorsal tooth directed forwards (Helina 
s. str. (Orig.). 


Drymeia, Graphomya ? atripes and in some Helina and Phaonia. The PC ratio (defined 
as the length of the pharyngeal constriction divided by the Jength of the pharyngeal 
sclerite) is also 0.20 or less in Alloeostylus, Drymeia and G. ?atripes. Similar PC values 
occur in some Aydrotaea s. str., Thricops, Phaonia s. str. and Philornis species but in 
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these, especially the last two, the PS ratio is much higher. Other significant features 
are the optic lobe (ol), found almost exclusively in the Muscini, the acute dorsal 
mandibular tooth (mac) found in many Reinwardtiinae, the Eginiinae, some Muscinae 
and Stomoxyinae, and the dorsal tooth on the hypopharyngeal sclerite (4s), and on 
the posteroventral pharyngeal cornu (pvc). In Helina s. str., Myospila superba and 
Phaonia atriceps the dorsal hypopharyngeal tooth is very acute and directed forwards. 
The relative depths and lengths of the posterior pharyngeal cornua are also frequently 
highly characteristic. Thus in many Hydrotaeini the pde is much longer and somewhat 
finer than the pve, whilst in many Coenosiinae and the Phaonia cincta group the pvc is 
very much deeper than the pdc. Amongst the most remarkable of known larval mouth- 
parts found in the Muscidae are those of the Atherigoninac (figures 85-95), in which 
there is a gradual enlargement of the oral bar (ob) relative to the mouth hook (7h) 
and progressive fusion of the hypopharyngeal and pharyngeal sclerites (compare 
figures 85 and 94), 

It will be noted in the text that the total dimension given for the length of the 
cephalopharyngeal skeleton is very rarely the precise sum of the parts; this is because 
whilst precise measurements are given for each of the 3 main parts, there is normally 
a considerable overlap in the normal position (e.g. the As is often half covered by the 
da of the ph). 

The prospiracular processes often afford valuable clucs to possible identity. These 
are usually clavate with a variable number of apical finger-like lobes, except in some 
Reinwardtiinae and the Eginiinae where highly aberrant structures also occur. Only 
in the Reinwardtiinae, Muscinae and Atherigoninae are more than 10 lobes per 
prospiracular process recorded, and in these subfamilies these higher values are 
infrequent. 

Tt must be stressed that since the larval mouthparts and anal spiracles undergo 
modification throughout larval life, comparisons are best made between fully mature 
larvae or, preferably puparia. In general the main changes in the structure of the 
larval mouthparts in the final instar consist of continual sclerotisation of the posterior 
pharyngeal cornua, often resulting in ‘growth lines’. A study of these can often give 
some idea of the initial shape of the sclerite at the commencement of the final instar. 
Late second instar larvae of Muscina, Polietina and Neomyia show sclerotisation of 
large dorsal mouth hooks; this phenomenon is possibly of much more gencral 
occurrence. 

Most of the illustrations in this work are from puparia since in very many cases 
only one or two puparia of particular species were examined, usually staged with the 
emerged adults. Sometimes it has been evident that the puparia had been incorrectly 
associated, belonging to obviously different genera to the accompanying adults. A 
few puparia or larvae have not been positively identified but are here tentatively 
referred to particular species (c.g. Helina ? setiventris). 

Hopefully, future studies on muscid larval morphology will enable the short- 
comings in the present text to be made good. In particular, long series of specimens 
need to be examined and measured to gauge variation within particular species, in 
relation to the various ratios referred to here (ie. AB, PC and PS ratios), biometrics 
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etc. The limited work undertaken in the course of this study suggests that the relation- 
ships between lengths of mature larvae and puparia are extremely variable, but that the 
body length of the adult fairly closely approximates to that of the puparium in most 
specics examined. It also appears that the anal spiracles and cephalopharyngeal 
skeleton generally vary less in dimensions than does the overall length of the puparia. 

In order to facilitate comparisons between taxa, a rigorous descriptive system has 
been adopted. This has involved redrafting most original descriptions, many of which 
include details of little or no significance at the hierarchical level involved. I have also 
stated the number of examples of each species examined to afford some indication of 
the probable reliability of the details given. In most cases a greater degree of variation 
can be expected than is given in the text. 


Muscid classification according to larval morphology 


Thomson (1937) stated that larval morphology in the Muscidae is related more to 
biology than systematics, implying that it has limited application in classification. 
Since then numerous changes have been made to the classification as ‘new’ features of 
adult structure have been examined. Less frequently the structure of eggs and larvae 
have been taken into account, but the overall trend has been towards a more natural 
classification in which the morphology of these earlier stages is highly significant. 

Collin (1948) drew attention to the entirely unnatural composition of the Muscinae 
as it was then understood; he showed, primarily on the shape of the egg, that it was an 
amalgam of mydaeines (e.g. Myospila), coenosiines (e.g. Graphomya) and ‘phaoniines’ 
(e.g. Muscina) in addition to true muscines. Hennig (1965) went much further, 
bringing together many closely related genera formerly scattered haphazardly through- 
out the family, and often his groupings, based primarily on adult morphology, are 
borne out by the larval characters. Amongst undetermined material at Manchester 
Museum [ found puparia which clearly belonged close to Polietes; the associated adults 
proved to be Hennigmyia, which Hennig suggested belonged not in the Dichaetomyia 
group, where it was customarily placed, but very near Polietes. 1 have frequently had 
this type of experience and this had led me to a working hypothesis that relationships 
are usually more apparent in larval than in adult stages in the Muscidac. When species 
are found to have very similar larval mouthparts, even though they may currently be 
considered to be unrelated, serious consideration should be given to the possibility 
that they are in fact more akin than is supposed. However, several features should be 
considered together, since adaptive parallelism is always a possibility. Thus, there is a 
remarkable resemblance between the larval mouthparts, the spiculation and the anal 
region, of Protocalliphora and certain Philornis species, but the anal spiracular slits of 
the former are clearly calliphorine, of the latter obviously reinwardtiine. 

In the past, insufficient has been known regarding larval morphology of muscids for 
a classification to be proposed which relied heavily on larval characters. Having 
examined puparia of some 260 world species, and studied many others from published 
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descriptions, I am here proposing a tentative arrangement along these lines. Undoubt- 
edly further changes will follow as the larval characters of more species become known, 
and it will be interesting to see if adult characters can be found which support the 
more radical changes I am putting forward. 1 myself do not have a comprehensive 
knowledge of the adults of World Muscidae. 

The contemporary thesis that the Muscidae are derived from anthomyiid rather 
than calliphoroid antecedents, proposed by Roback (1951), is by no means conclusive. 
Indeed several of Roback’s assertions are no longer tenable. Thus, in the Reinwardtiinae 
as here defined, obligate parasitism of gasteropods and birds is fairly widespread, and 
in several genera the mouth hooks are widely separated in the third instar larva. These 
features in combination, according to Roback, should suggest a calliphorid rather than 
an anthomyiid affinity for these primitive Muscidae. Moreover, it appears surprising 
that this archaic group should, at the same time, have the archetypal remote mouth 
hooks and exploit an advanced nutritive zone (i.e. parasitism). As far as is known 
these features occur nowhere else in the Muscidae, but are typical of the Calliphoridae 
and Sarcophagidae. Anthomyiids are not known to be parasitic. Also, the curved discal 
vein, which is frequent in several muscid subfamilies, is unknown in the Anthomyiidae. 
Clearly a more detailed appraisal of related families in a global context is required 
before these problems can be elucidated. 

The major classificatory change I am proposing in this work is the expansion of the 
Reinwardtiinae to include several Old World genera. This is perhaps not too remarkable 
since Muscina and Synthesiomyia have long becn regarded as being related to Pas- 
seromyia, which in turn has many similarities with the Neotropical Philornis. Town- 
send (1935) included Passeromyia, Ochromusca, Synthesiomyia and Hemichlora 
in his Hemichlorinac. 

I am also including the Eginiinae in the Muscidae solely in the interests of con- 
servatism, as it is highly unlikely, on the basis of larval morphology, that they really 
belong in the family. 

1 entirely support Lobanov (1965) in regarding the Azeliinae as a subfamily distinct 
from the Muscinae, although | believe the two to be very close. Hennig’s uncertainty 
concerning the relationship between the Muscinae and Stomoxyinae I find remarkable, 
for I had long regarded them as very close. It was however surprising to find how con- 
vincingly Pyrellia tasmaniae combines the larval morphology of the latter with the 
adult facies of the former, a fact first noted by Ferrar (1979a). 

The Achanthipterinae are left as a separate subfamily, although they closely 
resemble the Azeliinae on the one hand and Metopomyia, here provisionally placed in 
the Reinwardliinae, on the other. 

The Atherigoninae are considered to be a distinct subfamily having the closest 
affinity with certain elements of the Reinwardtiinae and, perhaps, the lowest Azeliinae. 
I find no case for their former inclusion near the Coenosiini. 

lam by no means convinced that the Brontaeini belong in the Phaoniinae but have 
left the group there, again for conservative reasons. The larval morphology, biology 
and cocooning habit all point to the Mydacinae, whilst similar Phaonia-type eggs occur 
in the Reinwardtiinae, Coenosiinae and Mydaeinae. 
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The subfamily which I feel is most unsatisfactory in the system proposed here, or 
indeed in any previous one, is the Coenosiinae, and far more work needs to be done 
here before any meaningful arrangement can be devised. It is in this subfamily that the 
working hypothesis stated earlier is most critically tested and it must be admitted that 
here at least it appears to be breached, insofar as extremely similar larval mouthparts 
are found in species which may not be particularly closely related. Adaptive 
morphology in gross external body form has certainly led to some remarkable differ- 
ences amongst Limnophora, Caricea and Xenomyia species and it is possible that 
adaptive responses may have played a part also in moulding the larval mouthparts. 
Doubtless, such enormous genera as Spilogona and Coenosia, containing as they do 
many disparate elements, will eventually be split by future taxonomists, and it may be 
that even here my hypothesis will ultimately be found to be correct. 


Synopsis of proposed classification 


Subfamily EGINIINAE (Eginia Robineau-Desvoidy, Syvngamoptera Schnab!) 
Subfamily REINWARDTIJINAE 
Tribe REINWARDTIINI (Ochromusca Malloch, Alluaudinella  Giglio-Tos, 


Aethiopomyia Malloch, Charadrella Wulp, Muscina 
Robineau-Desvoidy, Synthesiomvia Brauer & 
Bergenstamm, Calliphoroides Malloch, Passeromyia 
Rodhain & Villeneuve, Philornis Meinert) 
Tribe HEMICHLORINI (Cyrtoneurina Giglio-Tos, Neomuscina Townsend, 

Phaonina Emden, Polietina Schnabl & Dziedzicki, 
Metopomyia Malloch) 

Subfamily ACHANTHIPTERINAE (Achanthiptera Rondani) 

Subfamily AZELIFNAE 


Tribe ILYDROTAEINI (Potamia Robineau-Desvoidy, Australophya Malloch, 
Ophyra Robineau-Desvoidy, Hvdrotaea Robineau- 
Desvoidy ) 

Tribe AZELIINI (Azelia Robincau-Desvoidy, Thricops Rondani, 


Alloeostylus Schnabl, Drymeia Mcigen) 
Subtamily MUSCINAL 


Tribe MESEMBRININI (Hennigmyia Peris, Polietes Rondani, Mesembrina 
Meigen) 
Tribe MUSCINI (Morellia Robincau-Desvoidy, Pyrellia Robineau- 


Desvoidy, Audasyphora Townsend, Dasyphora 
Robineau-Desvoidy, Neomyia Walker, Musca 
Linnaeus) 

Subfamily STOMOXYINAE (Stomoxys Geoffroy, Rhinomusca Malloch, 
Bdellolarynx Austen, Haematobosca  Bezzi, 
Haematobia Le Peletier & Serville) 
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Subfamily ATHERIGONINAE = (A therigona Rondani) 
Subfamily MYDAEINAL (Helinomydaea Vockeroth, Papuaia Malloch, 


Gymnopapuaia Vockeroth, Papuaiella Vockeroth, 
Chaetopapuaia Vockeroth, Mydaea Robineau-Des- 
voidy, Dimorphia Malloch, Myospila Rondani, 
Hebecnema Schnabl) 


Subfamily COENOSITNAE (Spilogona Schnabl, Villeneuvia Schnabl & 


Dziedzicki, Lispoides Malloch, Pseudolimnophora 
Strobl, Limnophora Robineau-Desvoidy, Xeno- 
myia Malloch, Lispe Latreille, ‘Disney’s Xeno- 
myia’, Graphomya Robineau-Desvoidy Pseudo- 
coenosia Stein, Caricea Robineau-Desvoidy, Ma- 
crorchis Rondani, Neodexiopsis Malloch, Dexi- 
opsis Pokorny, Schoenomyza Haliday, Coenosia 
Meigen, Allognota Pokorny, Tetramerinx Berg) 


Subfamily PHAONIINAE 


Tribe BRONTAEINI (Hennigiola Pont, Prohardyia Pont, Raynchomydaea 
Malloch, Brontaea Kowarz) 
Tribe PHAONIINI (Dichaetomyia Malloch, Helina Robineau-Desvoidy, 


Phaonia Robineau-Desvoidy ) 


Key to subfamiles, genera and species 


Throughout this work the structures comprising the larval mouthparts are italicised 
abbreviations. This is done in the interests of brevity and clarity (see figures 3—5). 


1. Ph with distinct at (weak in Hydrotaea s. str.), and with superior od (figure 7a), 


which may be filled by sclerotised ol, Hs and ph never fused and if ob unusually 
thickened (Alloeostvlus tarsalis, figure 45), then with anal spiracular slits con- 
vergent and almost straight. If anal spiracular slits curved, angular, serpentine or 
tortuous, they are peripheral or encircling. Body of generalised type without 
prominent false legs on any segment... 2.2... ee eee 2 
At absent (very rarely present in some Reinwardtiinae, Spilogona, Dichaetomyia 
and Phaonia, but weak and obtuse in these); od often median and very rarely with 
ol, but if superior then anal spiracular slits convergent on scar (even if curved to 
serpentine), or peripheral, in which case ob massive and As fused to ph (see 
Atherigona s. str.) or at obviously absent (see Helinomydaea) ............. 5 


. Anal spiracular slits straight, sinuate or curved; parallel, convergent or radiate 


(never serpentine or tortuous). Aco always present (except Potamia scabra?), and 
sm often absent (figures 6d--e,h—-m) .... 2.2.0.0. ee ee ee 
Anal spiracles with slits serpentine to tortuous, peripheral or encircling. Aco often 
absent but sm always present (figures 6b,n, 0)... 0.2... ee eee 4 
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3. Obligative vespicole with anal spiracles on dorsal surface of caudal segment 
(figure 28) 
Sah eyecare ote ee Subfamily ACHANTHIPTERINAE (Genus Achanthiptera) 
— Notas above (figures 29-49). ..............-.-.. Subfamily AZELIINAE 
4. Pve with strong dorsal tooth and od often present (figures 50-80) 
hie sae 8 Oe a te a, te GH meets Matt te AE ON de tweak Subfamily MUSCINAE 
(NB. If aco and o/ present but at very weak, see Phaonina (Reinwardtiinae)) 
— 'Pve with at most an extremely small, weak dorsal tooth and ob always absent 
(figures 81-84)... 0... eee eee ee Subfamily STOMOXYINAE 
(NB. The muscine Pyrellia tasmaniae runs out here to the Stomoxyinae) 
5. Obligative Diplopoda parasites with massive pas. Aco absent (figures 9-10) 
2 eect ail vat that sR tie haptavnan ies Pegi wee AP. huh Neh ash yd Subfamily EGINIINAE 
— Not as above; pas absent but aco often well developed ................. 6 
6. Od superior and ob often massively enlarged; hs and ph often entirely fused 
(figure 7b). Puparia with front end abruptly truncate so that thoracic segments 
form a frontal disc perpendicular to the long axis of the body (figure 7c). Mainly 





phytophagous (figures 85-95)... 2... ........ Subfamily ATHERIGONINAE 
— Od often median and ob never so enlarged; aco sometimes absent. Puparia never as 
UD OVE s hue cactewc toa As, aphid Pee ae gtd, oie daca Pails Gydoaencten aki Mealnacuentehanens 7 


7. Sm present or aco absent. Anal spiracular slits convergent, straight to tortuous 
(subparallel in Charadrella, peripheral and serpentine in Phaonina). Aco sometimes 
absent; ph massive (PS = 0.38—0.58). Body never with false legs or caudal pro- 
cesses (subanal papillae unusually large in Charadrella) (figure 11-27) 

idee Ghd divin Slate BO Se. 6 Gud Bohai he hoe te Se Subfamily REINWARDTIINAE 
— Sm absent, aco always well-developed. Anal spiracular slits parallel to radiate, 

Straight to curved or angular; very rarely serpentine (see Dimorphia), but never 

tortuous. Ph usually more slender, and body sometimes with long false legs or 

caudal processes (figures 96 160). 

LBS Ops eee Subfamilies MYDAEINAE, COENOSHNAE and PHAONIINAE 


Key to genera of Eginiinae 
(figures 9, 10) 


|. Anal spiracular slits radiate on median scar. European species 
Rite kN en Soe RRs Beas ASL, Ui UE Ge Genus Lginia Robineau-Desvoidy 
— Anal spiracular slits convergent on inferior scar. Eastern palaearctic and oriental 
SPOCIESi:s 426 Ye hos Seas baad OA Eee Ra ea Genus Syngamoptera Schnabl 


Key to genera of Reinwardtiinae 
(figures 11—27) 


1. Aco absent or vestigial; at most with a short, weakly sclerotised inflated vb. Larvae 
on birds or in birds’ nests as facultative or obligative haematophages......... 2 


2; 


10. 
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Aco well developed, with ob as long as mh or nearly so (except Metopomyia). . .3 
Old world tropical species with anal spiracular slits curved or angulate (figures 6c, 


PI SAO) os os. Moke doe De ou ake S Genus Passeromyia Rodhain & Villeneuve 
Neotropical species with anal spiracular slits curved to highly tortuous (figures 6b, 
M2024) © cohen eyo d WYRE RA end Ba Genus Philornis Meinert 


. Anal spiracular slits subparallel to slightly convergent. Larva with subanal papillae 


very long, conical, clearly visible in dorsal view. Puparium with thoracic segments 
strongly dorsoventrally flattened and bent upwards in perpendicular plane to the 
axis of the body (figure 13). Neotropical snail parasites. . Genus Charadrella Wulp 
Anal spiracular slits convergent to subradiate, straight to serpentine. Puparium and 


larva never as abOVe..... 2 ee ee ee ee ee ee eee bes 4 
. Anal spiracular slits serpentine (figure 6n) .. 2... 2... ee eee 5 
Anal spiracular slits straight to curved or angulate (figure 6c, k—m).......... 7 


. Cephalopharyngeal skeleton much more massive, with conspicuous sub and cut. 


Anal spiracular slits subradiate. Cosmotropical species (figure 16) 

sist Se Ba Stic as Minus 8 oe sats, tebe ok Genus Synthesiomyia Brauer & Bergenstamm 
Cephalopharyngeal skeleton less massive; never with sub or cut. Oriental and 
Australasian species. 2... ee eee ee 6 


. Aco very well developed, ph with small o/ and anal spiracular slits almost periph- 


eral (figure 26). Breeds in ipa... 1... ...-0-...-04. Genus Phaonina Emden 
Aco vestigial, ob greatly reduced; ph without ol and anal spiracular slits clearly 
convergent (figure 27). Breeds in cowdung........ Genus Metopomyia Malloch 


. Puparia highly aberrant, having thoracic segments and anal spiracles on dorsal 


surface and even anal plate visible in dorsal view (figure 11, 12). Afrotropical snail 


parasites or saprophages ... 2... ee eee 8 
Puparia never as above, thoracic segments in line with main axis of body and anal 
spiracles on posterior face of caudal segment .. 0... 2... ee 10 


. Larger species with massive anal spiracles (0.44 mm), body surface almost entirely 


spiculate, anal plate strongly transverse and ph without sm, being uniformly very 
heavily sclerotised (figure 12). Length about 12 mm 

hots Watts tawctse Ant Sie es peaned bey eh, Bie A ee Gog euk atee Genus Aethiopomyia Malloch 
Smaller species with smaller anal spiracles (about 0.24—0.30mm.), spiculation 
restricted to segmental margins, less transverse anal plate and ph with floor 
broadly translucent, sy present . i Avgesaubaug 


. Anal spiracular slits almost straight, ‘hs decidedly shallow anid ph less elongate 


(figure VL) isc art th ack a be es a aye Genus Ochromusca Malloch 
Anal spiracular slits more curved; hs rather deeper and pA more elongate 

eae Mal Sa a tical Aneta ghee Mah Oe ae ath canes Genus Alluaudinella Giglio-Tos 
Inner ends of anal spiracular slits closer to each other than to scar (figure 14-15). 
4—6 prospiracular lobes. Cosmopolitan genus, occurring also in temperate regions 

DN CENE Gi a TOCA Lassies Wigtatvahue, antint ohateunel ayanttence: AiG Genus Muscina Robineau-Desvoidy 
Inner ends of anal spiracular slits closer to scar than to each other (figure 25). 14 
prospiracular slits. Neotropical genus.......... Genus Cyrtoneurina Giglio-Tos 
NB. The majority of Neotropical reinwardtiine genera whose larvae remain 
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undescribed will probably prove to run to couplet 10 in the above key. See also 
Helinomydaea (Mydaeinae), an Australasian genus which could be traced to this 
couplet (figure 96). 


Key to species of Passeromyia 
(figures 17-19) 


1. Mh sharply pointed and ob more distinct. Afrotropical- Oriental species 
py een ae ts ole okt St oie Baek Asana Sees es aie cere heterochaeta (Villeneuve) 
— Mh blunt and ob less distinct to obsolete... 2.2.2... 2. ee eee 2 
2. Saprophagous spccies with AB = 0.033—0.037. Oriental-Australasian species 
Egg Met cee athetants nen A Wiad hate Ready cS Rael cease wh eee ayer aD AN ta ne gels Ras AN ee steint Pont 
—  Haematophagous species with AB = 0.022—0.028. Australasian species 
pidieraca lisa oh, Wie tete le talks Saideate arg Bagreidass, sae Gast ate indecora (Walker) 


Key to species of Philornis 
(figures 20—24) 


1. Anal spiracular scar dorsal. Very large species (puparium 10.5—10.9 mm) 
Akko emia lien Sanco hS ode and ahead ce Bae RR falsificus Dodge & Aitken 
-- Anal spiracular scar not dorsal (usually median) ..........0-.......-.. 2 
2. Caudal segment of puparium without perispiracular depression, anal spiracles thus 
visible in lateral view. Very small species (puparium 6.06—6.08 mm) 
See dG a Selly FARR eke ba eo bad wey an be ed oa des aitkeni Dodge 
-- Caudal segment of puparium with perispiracular depression, anal spiracles invisible 


from lateral view. Larger species (puparia 7.6--9.4 mm.), angustifrons group... .3 

3. Prothoracic spiracles not visible externally... ......2.00....020000000. 4 
—  Prothoracic spiracles clearly visible externally... .......... 2.00.00 0200- $ 
4. Anal spiracular slits very highly tortuous. Puerto Rico . . .sp. indet. (Puerto Rico) 
— Anal spiracular slits less tortuous ...........-...0--5 angustifrons (Loew) 


5. Puparium with acute perispiracular rim 
ee Sethe Coe hss s tas (nielseni Dodge, downsi Dodge & Aitken, mimicola Dodge) 
—  Puparium with broadly rounded rugosely furrowed perispiracular rim 
rarer (torquans Nielsen, trinitensis Dodge & Aitken, deceptivus Dodge & Aitken, 
. sanguinis Dodge & Aitken, glaucinis Dodge & Aitken, niger Dodge & Aitken, 
OL Re SERS Cee RRA ING AE ane querulus Dodge & Aitken, sp. indet (Mexico)) 


Key to genera of Azeliinae 


LSE GIStinCts +. 25a. Ba eee aa alee 2 ae ae Mea pee 2 
ot. sOMMADSENt 7.3 3s tae RAS Se el ty AE hs ah Sats 8 ak eee LP SCAN od, os ak eh etd 8 
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. Cephalopharyngeal skeleton more robust. Papillae of annal region well-developed 


and postanal region densely spiculate. 4—9 prospiracular lobes............. 3 
Cephalopharyngeal skeleton generally more delicate. Papillae of anal region poorly 
developed and postanal region not spiculate. 3—6 prospiracular lobes ......- - 7 


. Anal spiracular scar inferior and at least upper and median slits inclined inwardly 


(figure 7d)... .......-..-.-0-. Genus Hydrotaea (sy. Hydrotaeoides n. subg.) 
Anal spiracular scar median and at least upper and lower slits horizontal or nearly 


. Pde shorter than pvc; anal spiracular slits characteristically arranged (figures 29, 


30); 0b short and weak or absent... 2... eee 5 
Pde at least as long as pvc; anal spiracular slits parallel-convergent and ob always 
well-developed wc 3 choad Moe et eee Pee ae) Slee dee ea as 6 


. Holarctic species with deep od. Ob sometimes absent (figure 29) 


ike Seay bad t tak otyakeoiok cbt shes Genus Potamia Robineau-Desvoidy 
Australasian species with shallow od. Ob distinct but weak (figure 30) 
Genus Australophyra Malloch 


. Pve with dorsal tooth (figure 31-34) ....... Genus Ophyra Robineau-Desvoidy 


Pyc without dorsal tooth 
Genus Hydrotaea (sg. Alloeonota Schnabl & Dziedzicki) 


. Prospiracular lobes in puparium stellate (figure 7e) 


LAAT sooo ate JAM 3 2 te Deseret MO receal enveleake be Syn iete Genus Azelia Robineau-Desvoidy 
Prospiracular lobes in puparium normal (figure 7f) 
tae Wane ake a9, gen Jade Mateos Genus Hydrotaea Robineau-Desvoidy s. str. (part) 


. Pde usually longer than pve and at often very obtuse (figure 7g). 3-4 prospira- 


cular lObDES.. ies areas de ARN 2G ia wad Genus Hydrotaea s. str. (part) 
Pde and pvc of equal length and at always strongly angular............... 9 
. Hs more elongate or 0b massively enlarged. ......... Genus Thricops Rondani 
Hs \ess clongate and ob normal... 2.2... ee 10 
. Hs robust and pve with distinct dorsal angulation. Phe extremely short (PC = 
0.12). 4- 5 prospiracular lobes... 2.2. ....000.. Genus Alloeostylus Schnab| 
Hs shallower and pve without dorsal angulation (figure 7h). Phe rather less short 
(PC = 0.15—0.16). 2—4 prospiracular lobes .......... Genus Drymeia Mcigen 


Key to species of Potamia 


1. 


Nearclic species without ob... 1... 0. ee scabra (Giglio-Tos) 
Holarctic species with weak but distinctob ....... littoralis Robineau-Desvoidy 


Key to species of Ophyra 


1. 


Pdc as long as pve and ph with conspicuous ves (figure 31) 
ws ilodh Debtas halt ind Achtorindes tele enalevegs Quvelica a) s fend Buk eee aenescens (Wiedemann) 
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Pdc \onger than pyc and ph without distinct nes... 2... ee 2 


. Caudal segment of puparium smoothly rounded behind (figure 32) 


eis Bi Sseoand tele piece Saks Sig eM a Mnene th cc a he Bi chalcogaster (Wiedemann) 
Caudal segment of puparium truncate behind... . 2.2... 22... ee 3 


. Anal spiracular slits obviously convergent. Length 7.0—7.3 mm (figure 32) 


Bal sd eles, Sete cee BED Oe 2 Glee ee REL tray ORG GPa ANE A a SS ignava (Harris) 
Anal spiracular slits with at least upper and lower parallel or very slightly con- 
VETBENE ov. cb a & Ehren BR aya bie pear ae. degen S Aaa Sasa 4 


. AB = 0.023—0.025. Length 5.9—7.0 mm (figure 33). Sub-cosmopolitan species 


ede She a ade ae wee See eed e Grae Anh waden Caen CONS capensis (Wiedemann) 
AB = 0.030. Length about 6 mm (figure 34) Palaeotropical species 
Bey GS Bale Rios AR EB Sia nla AE oe ge widln cdteed pa Mein. Costs spinigera Stein 


Key to species of Hydrotaea 


1. 


Anal spiracular scar inferior (figure 7d, 35, 36) and sm distinct 

Sala bisar aero Gases Toone avis dete gh, Ben RA alu ty SUE laa hs ee MES ae sg. Hydrotaeoides 
NB. 4 species described in text, but 2 on single specimens. Specimens found in 
subarctic tundra regions should be anxia. 
Anal spiracular scar median and sm sometimes absent... .........00..20-. 2 


SOM GISUINCt jcc. hc: Sonos otk oh Bhd Gs ete ae eet te Wee 8 cath ee Bek ites # abe 3 


SHIA DSENLS & oeeiorehdtds Beas 3S Aree, oie Vokes a eee oa ator hte ads cota eee LS aes 5 


. Pye without dorsal tooth... 2.2... ....0.... sg. Alloeonota, diabola (Harris) 


Pye with dorsal angulation....... sg. Hydrotaea s. str. (part). ......... 4 


. Australasian species with straight anal spiracular slits (figure 38) 


Holarctic species with slits slightly curved (figure 39)... ... tuberculata Rondani 


. Anal spiracular slits radiate and at distinct (figure 37) (in birds’ nests) 


bigltce sod ts Shree ace Mak bebecligtn idan Bie teas OO caw aad a i avy ad aig eds basdeni Collin 
Anal spiracular slits convergent and at often obsolete... 6.6... ......00000. 6 


. Ventral abdominal welts with numerous rows of + uniformally minute spicules 


Ventral abdominal welts with 1—3 rows of obviously larger spicules with much 
smaller ones before and behind .... 2.2.0... 0.0.0.0. cece eee 1] 


. Pupal horns short (figure 37). .......--.-. armipes (Fallén) (occulta (Meigen)) 


Pupal horns Jong and thick . 02... ee es 8 


. Ph much more elongate in relation to #s and at sometimes obsolete (humicoles) 


Ph much less elongate and at distinct (figure 38) (in cowdung) 
Spe shetee ie ava mictcr en Waser. ahd. ia ahaha te Cokie, sactetandnemauen ec & oh5 meteorica (Linnacus) 


. Pye entirely without dorsal angulation and at obsolete (figure 40) (Palaearctic 


SPECIES) ssf. fen aod ee brian dads Pde slo hirer iat eh afelgs cata ene ce ah irritans (Fallén) 
Pye with slight dorsal angulation... . 2... ee 10 
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. Holarctic highboreal species with distinct at (figure 40) . . . scambus (Zetterstedt) 


Palaearctic broad-leaved forest species............... pellucens Portchinsky 
. Anal spiracles relatively much smaller (AB =0.008—0.009) (figure 39) (in 
COW MUTE) i: 3.5. 450s Keaodee od a pein bh Pow Se Uh Stee y militaris (Meigen) 
Anal spiracles relatively much larger (AB = 0.020--0.023)............... 12 
. Exclusively in cowdung (figure 41)...............04 albipuncta (Zetterstedt) 


In manure and dung of many mammals but very seldom in cowdung 
spre twatvad atk Gs ihe Sy Beale 8 ce Stag ba floccosa Macquart (armipes of authors) 


Key to species of Thricops 


. Hs much longer than phe 2... ee 2 


Hs not longer than phe... eee 3 


. Anal spiracular slits radiate (figure 43). Woodland species 


Be Prete bate ona id sg. Lasiothricops n. subg., semicinereus (Wiedemann) 
Anal spiracular slits convergent (figure 44) Mountain and moorland specics 
sn GAD RL DIA ehh meee ehh ete, Gln eR EE Ale S sg. Thricops s. str., rostratus (Meade) 


. Hs very short and robust; ob unusually massive and pde greatly widened behind 


(figure 45) Nearclic species... 2.2... (Alloeostylus)....... tarsalis (Walker) 
Hs shallow and elongate. Ob slender, as normal, and pdc of uniform width (figure 
AS) ost Soha ble aS §oi- Hera Schnabl 0.2. a eh ckd Seed Radney Be 4 


. Calcareous woodland species............... nigrifrons (Robineau-Desvoidy) 


More eurytopic, including acidic moorland turf......... longipes (Zetterstedt) 


Key to species of Drymeia 


1. 


Anal spiracular slits convergent; 2 prospiracular lobes (figure 47). (Humicole) 
tnd eh ce SPs bth Lat Oh She eta sg. Drymeia s. str., hamata (Fallén 
Anal spiracular slits radiate; 3—4 prospiracular lobes ..........02-0...0.0. 2 


. Larger species (length > 8 mm.) (figure 48) 


whey Midas o Ab Saiedhe wok Ge hentra ag erate sg. Bebryx Gistel, chillcotti (Huckett) 
Smaller species (length < 7 mm.) (figure 49). .........0.....0.2-0000-4 3 


. Palaearctic species breeding in cowdung 


Seapes casa eee inst tage. Gopay Betta ee teats a AON sg. Trichopticoides Ringdahl, vicana (Harris) 
Holarctic species breeding in humus in tundra regions. . . sg. Pogonomyia Rondani 


Key to genera of Muscinae 


1. 


Aco well-developed but of always absent (figure 50—55); (if with distinct of 
but at obsolete, see Phaonina — Reinwardtiinae, figure 26). Tribe Mesembrini. . .2 
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Aco absent, or at most with rudimentary ob; ol often conspicuous (figure 56— 


SO) scat sites tle Siw ate os Tribe -Muscint 34.09.44. 4035 os Seer eke ei eas 7 
. Afrotropical species (figure 50) ...........--.0.0. Genus Hennigmyia Peris 
Holarctic Species ee. 6.05.4 eee wk ete ecb ee ah AC eS Ge Be RS 3 
. Anal spiracular slits serpentine... 2.2.2.2... eee 4 
Anal spiracular slits tortuous... 2... ee 5 


. 5—6 prospiracular lobes (figure 51). . . Polietes, sg. Pseudophaonia Malloch (part) 


10—16 prospiracular lobes (figure 54) 
iPia.te eteeced Beate fon h wath d daxuteaee Mesembrina, sg. Hypodermodes Townsend 


. Nearctic species with 6—7 prospiracular lobes (figure 51) 


Gils tice fected Sous hla At ahd! oie g Bh Nee oe Oa Polietes, sg. Pseudophaonia (part) 
Palaearctic species with 8—18 prospiracular lobes ............-..-02-5- 6 


. Gencrally smaller species with 8—13 prospiracular lobes and anal spiracular slits 


much less deeply and regularly tortuous. In larger species ventral abdominal welts 
with less pronounced medioventral break (figures 52—53) 

ig Wie eae oak Wee, Bae Sea asoek ante tons Genus Polietes Rondani s. str. 
Generally larger species with 10-18 prospiracular lobes and anal spiracular slits 
much more deeply and regularly tortuous. Ventral abdominal welts with very pro- 
nounced medioventral break (figure 55)....... Genus Mesembrina Meigen s. str. 


. Anal end of body abruptly diagonally truncate and body surface coarsely 


reticulate (figures 56. 57).............-. Genus Morellia Robineau-Desvoidy 
Caudal segment more rounded behind and body surface never reticulate ...... 8 


. Pvc without dorsal tooth (figure 59). Australasian species 


bo acer Soe RR HAULERS bce tee Rh vbes ioe Ete ea Ge hd 8 Pyrellia tasmaniae (Macquart) 


Pye with conspicuous dorsal tooth 2.0... 0. oe 9 
. Ob present though rudimentary... ........-. see key to Neomyia Walker etc. 
Ob absent ...... see key to Musca Linnaeus and related genera lacking oral bars 


Key to species of Polietes 


. Anal spiracular slits serpentine; 5—-6 prospiracular lobes (figure 51). Holarctic 


a ait te cles cos t Wha aSece Nan nak idea ee omc ers P. (Pseudophaonia) hirticrura (Meade) 
Anal spiracular slits tortuous; 6-13 prospiracular lobes .. 2... 0.0.00. .0005 2 


. Nearctic species with 6—7 prospiracular lobes (figure 51) 


i sno he att brates athe, etna igh. ty sk te varhowd co favs P. (Pseudophaonia) orichalceoides Huckett 
Palaearctic species with 8—13 prospiracular lobes sg. Polietes s. str... 0.0.0.0... 3 


. Much smaller specics breeding exclusively in horse dung. Length about 6.5mm 


(figure: 53)is 237 oder tiges pnd ea nwe seamed RG domitor (Harris) 
Much larger species length 7.9-9.5mm)... 2.0.2... 02 0000000005020 5e 4 


. Highboreal-subarctic species... 0.2... ee nigrolimbata (Bonsdorff) 


Temperate parts of Palaearctic (figure 52)... 0.6... .00.. lardaria (Fabricius) 
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Key to species of Mesembrina 


1. 


Anal spiracular slits tortuous (figure 55). Palaearctic species 

hg Sahinerh cote denis Sees os a bee ads sg. Mesembrina, meridiana (Linnacus) 
Anal spiracular slits serpentine (figure 54). Holarctic species. sg. Hypodermodes . 2 
Nearcti¢:specieS..-o 3. 2 as iwi hwa da Shee ee Bad gad oes solitaria Knab 
Palaearctic species. 2... eee mystacea (Linnaeus) 


Key to species of Morellia 


1. 


Spine bands extending across intersegmental sutures (2-4 rows before and 4—6 


tows: behind) xiccc8- sla tus ee dane ke seeded Goer bbs aoe bg DR 2 
Spine bands restricted to postsutural regions and remote from sutures (1—6 rows) 
I ARI, ARR OR AL Re bes LR ER Pk ae Colts AE a aes aA ott ete 5 
Spicules concolorous with integument and many hairlike (figure 57). Palaeo- 
tropical Species: 225.5 45.4 eho d Ys oo Sele Pe wd oes hortensia (Wiedemann) 
Spicules obviously darker than integument and sometimes tuberculiform. .... .3 
7—9 prospiracular lobes and spicules mostly very elongate (up to 5 times as long 
as wide). Length 7—8 mm. (figure 57). Palaearctic species .. . . hortorum (Fallén) 
4 <6'prospiracular IOBES: so. aan sea Ge ws bral Secs Seek ee De RE a a 4 


Much smaller species (< 6.5 mm long), with spicules tuberculiform (transverse to 
quadrate). 4—-5 prospiracular lobes (figure 56). Palaearctic species 

inst PAG, det atvatesy aire MS Se dR siete od inte: ae aN aes aenescens Robineau-Desvoidy 
Much larger species (> 7.5 mm long), with some spicules elongate with tips truncate 
or emarginate; 6 prospiracular lobes. Holarctic species found in montane or sub- 
boreal TégiONS's 25-308 sh edhe ROR ee ep Rae BS podagrica (Loew) 


. Nearctic species with spicules tuberculiform (transverse to quadrate), in 1—3 rows 


(ip tite 51) bo hes ow ah Ge Se BA ioe dk sale beer eae ee micans (Macquart) 
Palaearctic species with spicules generally elongate, in 3—6 rows (figure 57) 
Sar caf ts veo his lb Sar bores bith eect BI PAIL AEE AN NN LAR San tha simplex (Loew) 


Key to species of Neomyia and related genera with oral bars 


. Anal spiracular slits less tortuous (4:4:4) . vibes eee 
Anal spiracular slits more tortuous. ..........0... ' Neomyia Walker. era 5 
5 prospiracular lobes. Afrotropical species......... Pyrellina rhodesi Malloch 
7--10 prospiracular lobes. Holarctic species... 2... ee ee eee 3 
Dorsal tooth on pve smaller, more abrupt; 7 prospiracular lobes (figure 58) 
Palaearctic species... 2.2... ...2..000-0.. Pyrellia vivida Robineau-Desvoidy 
Dorsal tooth on pve larger, more obtuse; 7-10 prospiracular lobes 
Bits ik caste bodes -.......Eudasyphora Townsend... 0.0. cc eee ee AF 
9—10 prospiracular lobes (figure 61). Holarctic species . . cyanicolor (Zetterstedt) 
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7—9 prospiracular lobes (figure 60). Palaearctic species 
Fe tape dil aA peneu waa ee cheia he Maen tates cyanella (Meigen) and zimini (Hennig) 
NB. £. cyanella and zimini probably indistinguishable. 


 sAtrotropical:speciesss oi acs sae, Maes le tend Wie O59 BS Pe eae 6 


Not-Atfrotropiedl’.. .. .e%.0 .0e ose dots otha aa osae WA ae eh ee 9 


. Ob unusually small and anal spiracular slits less tortuous (6:4—5:4—6). Anal plate 


not nearly reaching lower spiracular edge (figure 65) 
fat onlnatite dk eins h a cepa tts, Mahils aie Be A eee white rhingiaeformis (Villeneuve) 
Ob larger and anal spiracular slits much more tortuous. Anal plate almost or quite 


reaching level of lower spiracular edge... 2... 2 ee ees 7 
. Very large species (length 8.38.6 mm) (figure 65)...... viridifrons (Macquart) 
Smaller species (7.4mm). 0.0000. ee eee eens 8 
. Rather larger species (length 6.0—7.2 mm) (figure 64) ...... splendida (Adams) 
Rather smaller species (length 4.5—5.9 mm) (figure 65) ....... dubia (Malloch) 
. Holarctic and neotropical species (figure 63).......... cornicina (Fabricius) 
Palaearctic species with anal plate slightly larger, . viridescens (Robineau-Desvoidy) 
. Anal spiracular slits less tortuous... 22. ee 11 
Anal spiracular slits more tortuous... 22... eee 12 
. Extra-anal papilla absent; 6—8 prospiracular lobes.......... laevifrons (Loew) 


Extra-anal papilla present; about 6 prospiracular lobes (figure 63) 
Manat cucnand yaal then Ste tetas aaaticneuns eee audpats lauta (Wiedemann) (sensu Ferrar) 


. Very large species (length > 8 mm) (figure 64) ....... coeruleifrons (Macquart) 


Smaller species (length< 8mm)... ........ 0.00000 eee eee 13 


. Postanal spicules extending to extra-anal papilla 


Maid tutte ahag ate Fay piste Satna tothca ance aed ahs lauta (Wiedemann) (sensu Shinonaga & Kano) 
Postanal spicules not extending to extra-anal papilla (figure 64) 
Sue Stas wea d win ts Widens Qadcdaea peeeed tow alice, Wen erg indica (Robineau-Desvoidy) 


Key to species of Musca and related genera lacking oral bars 


. Puparia yellowish to blackish red with anal plate seldom reaching level of 


upper anal spiracular edge (usually at most to about midway between anal 
pore and lower spiracular edge). Spiracular slits usually less tortuous. ........ 2 
Puparia white to greyish brown and having calcified appearance; anal plate huge, 
usually surpassing level of lower anal spiracular edge. Anal spiracular slits often 


highly tortuous so ae BAe ee ee Bee se ele hae 19 
. Anal spiracular slits highly aberrant, sinuate serpentine, subparallel (figure 59). 
Afrotropical species... 2... 2.0.0.2 0200-2-0000.0. Pyrellia spinthera (Bigot) 
Anal spiracular slits normal (i.e. tortuous, peripheral)... .........2...00.. 3 


. 12-16 prospiracular lobes (figure 62). Palaearctic genus 


PeeWee 4a ee Bale Wale ee Dae ees Dasyphora Robineau-Desvoidy 


Fewer prospiracular lobes... . 0... 20-02 ee ee 4 
. Ventral abdominal welts with very conspicuous fine blackish spicules (figure 66) 
Oriental-Australasian species ........ Neomyia timorensis (Robineau-Desvoidy) 
Ventral abdominal welts with broader spicules concolorous or nearly so....... 5 
« Olcabsent scot-ea that ea ete Bee Musca (Lissosterna) albina (Wiedemann) 
OU PTOSORE S62. 85k Sb SEA etre AR Slate ld deni ot Bde ag deh eats 6 


. Anal plate very small, not nearly extending across caudal segment in ventral view, 


with group of postanal spicules (figure 67)... .. Musca s. str... ........ 7 
Anal plate much larger, strongly transverse and nearly or quite extending across 
caudal segment in ventral view, or, if very small then without postanal spicules 
Brana ide ied de hee a eins tees ay es eANe ial ene Musca, sg. Byomya Robineau-Desvoidy 8 


. Anal plate without lateral wings. Cosmopolitan species... .. domestica Linnaeus 


Anal plate with lateral wings. Australian species 
a iha Srtassey CURT AT SSS Se? © eben a os, ot BES, Kno heen, ig wade terraereginae Johnston & Bancroft 


. Anterior spine bands unusually well-developed, extending over dorsal surface of 


abdominal segments 1--5 (or 6)... 2... ee 9 
Anterior spine bands less developed, complete on at most first 2 abdominal 
SCRIMOMUS ea: shed, Pgite fh eareded ese bale, Wee guid HA Ge yay we IN oe LO SR ae Res 10 


. Caudal segment covered with very fine, pale, hair-like spicules and perispiracular 


field bounded by 8 elongate papillae (figure 71). Palaeotropical, but not in Aus- 
tAlaSi as es: Mae be Sie Sethe tease Maha aed OE Fe ed ES Su sorbens Wiedemann 
Caudal segment not as above (figure 71). Australasian species 

AED esl OA ee nes OR goo tan Redd Pee eas ae Re a cay aw ae vetustissima Walker 


. Intersegmental sutures in puparium partially covered by opaque, scabrous veils (at 


least on anal plate), giving paler banded appearance... 2.2.2... ee ee eee 11 
Intersegmenta] sutures exposed and clearly visible..................0.. 12 


. 11 prospiracular lobes and anal plate huge, ascending to level of lower anal spir- 


acular edge (figure 70). Oriental species.............. planiceps Wiedemann 
7—9 prospiracular lobes and anal plate smaller (figure 72). Afrotropical species 

VAM S wthidiart lect he SOR Rete we aia we te ee Gore Ban beets lasiophthalma Thomson 
NB. M. (8.) conducens and M. (Philaematomyia) crassirostris may perhaps also run 
out here. Both species also occur in the Oriental, Australasian, Afrotropical and 
southern Palaearctic. 


. Anal plate very small (as in Musca s. str.), but lacking postanal spicules (figure 69) 


cecal eg GrthGAe ad's (ceed BIS e eels uk age ORNL SB, ase ee RAs ventrosa Wiedemann 
Anal plate larger, usually reaching level about midway between anal pore and 


lower anal spiracular edge; postanal spicules often present............... 13 
. No postanal spicules... 0. eee ee eee 14 
Postanal spicules present... 2... ee ee 16 
. Australasian species (figure 66) .............. Neomyia australis (Macquart) 
Not Australasian species... 2... ee eee 15 
. Anal spiracles rather smaller (AB = 0.041) (figure 68) .......- tempestiva Fallén 


NB. M. (B.) tempestatum Bezzi probably indistinguishable 
Anal spiracles rather larger (AB = 0.050—0.060) (figure 73) . . .confiscata Speiser 
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19. 


20. 


NB. M. confiscata occurs widely through the Afrotropical and Oriental regions but 
tempestiva is mainly a Palaearctic species. 


. Anal spiracular slits remarkably small and shallowly tortuous 


Slabs: neds AAG ob Se ce M. (Plaxemya) osiris Wiedemann (vitripennis of authors) 


Anal spiracular slits larger and more deeply tortuous ............0..04. 17 
. Larger species (>6.0mm)........... M. (Philaematomyia) crassirostris Stein 
Smaller species (<6.0mm).. 2... 0. ee ees 18 


. About 2—4 rows of postanal spicules and anal plate not widened laterally; 7—9 


prospiracular lobes and mA more strongly curved apically (figure 68) 

5 i Solace caer thong ate M. (Plaxemya) vitripennis Meigen (osiris of authors) 
About 1—2 rows of postanal spicules and anal plate slightly widened laterally; 
5—6 prospiracular lobes and mh less strongly curved apically (figure 70) 

Eh EMG Sool oh he Se BM OAR BET ENG. Sete eee? 2 M. (Byomya) lucidula (Loew) 
NB. M. (B.) conducens (figure 69) may run out here; it has smaller anal spiracles, 
6—8 prospiracular lobes and, unlike the previous 2 species, which are primarily 
southern Palacarctic, it also occurs throughout Africa & the Orient. Neomyia 
albigena may also run out here. An Afrotropical species with 10 prospiracular 
lobes. 

Caudal segment spiculate dorsally .. . sg. Byomya (part), Eumusca (part) and 

Gato AMi cs Padrarstncg: dysicp ceMCd Sexe GOS eon RNs aR ga va ene aeld Viviparomusca (part) 20 
Caudal segment wholly devoid of spicules dorsally, those along hind margin of 
anal plate terminating about level of lower anal spiracular edge 

dotysen bey }aiewakek & ho sg. Eumusca (part) and Viviparomusca (part) ........27 
Caudal segment entirely covered in dense black setiform spines except on anal 
plate and within perispiracular field which is bounded by 6 remarkably large 
foliate processes (figure 77). Afrotropical species... ..... M. (E.) aethiops Stein 
Caudal segment with sparser, broad, usually concolourous spicules and never with 
such large perispiracular processes... 2.0... 2... eee ees 21 


. Caudal segment with traces of distinct perispiracular processes (indicated by surface 


SULdtiGNS): seas eerste cola ceed oat Heats one ee Merle Eh ale fouls, el a aece 22 
Caudal segment without traces of perispiracular processes. .............-. 23 


. Traces of 10 very distinct perispiracular processes. Larger species (length 6.1 


6.8 mm) (figure 72)... 0... ee ee eee M. (B.) pattoni Austen 
Traces of 6 obscure perispiracular processes. Smaller species (length 5.1 -5.8 mm) 
(figure: 79). 2 ia. he.3 ee kates AE wie ease ek M. (V.) convexifrons Thomson 


. 4-6 prospiracular lobes and mesothoracic spine band reduced to small patch of 


spicules behind prospiracular processes (figure 75) 
Lid in Eta told cated dh Besa Mypshdewigler dy ate Dd ES M. (E. )xanthomelaena Wiedemann 


At least 7 prospiracular lobes and mesothoracic spine band complete ....... 24 
. Anal plate not or only slightly reflexed anteriorly ................00... 25 
Anal plate very strongly reflexed anteriorly .. 0.0... ee ee eee 26 


. Holarctic species also recorded from Highlands of East Africa (figure 74) 


VMS styo Ad AE BS Aa dedi tose aeons, Se mudyee We, iat Ree ne gs M, (E. ) autumnalis De Geer 
Little known South African species (figure 75)... .M. (E.) sp. nov. of Kleynhans 


26. 


27. 
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Rather smaller with more deeply indented anal plate with more steeply sloping 
dorsal edge; dorsal surface of caudal segment more extensively spiculate (figure 
79). Length $.1-5.8mm...............-.. M. (V.) convexifrons Thomson 
Rather larger with less deeply indented anal plate, the upper margin of which is 
usually + horizontal; dorsal surface of caudal segment with spicules more restricted 
to margins of anal plate and dorsal grooves (figure 74). Length 5.7—-6.2 mm 

BD tk Cady Sonn ohn hae Goode, See eS seed at aa eS apy dee Cases M. (E.) hervei Villeneuve 
Anal plate smaller than normal and not reflexed; 12—15 prospiracular lobes 
(figure 76); Australasian species (the only regional member of the Lumusca/ 
Viviparomusca subgroup of Musca). ..... M. (E.) fergusoni Johnston & Bancroft 
Anal plate very large and with fewer prospiracular lobes. Not in Australasia . . .28 


. Anal plate not or only slightly reflexed......-...2.-0-0---0-- 002020005 29 
Anal plate strongly reflexed anteriorly... 2... ee ees 32 
. Anal spiracular slits less tortuous (figure 76)........ M. (E.) lusoria Wiedemann 
Anal spiracular slits highly tortuous ...... sg. Viviparomusca (part) ..... .30 
. Widespread Palaearctic species (figure 78) ............ larvipara Portchinsky 
Not in: Palaearcticu... ocn2 cad ei a wie hye allies Pete gw alee ter Ae ee 31 
. Oriental species (figure 79) .............20.0 0200. bezzii Patton & Cragg 
Afrotropical species... 0... eee gabonensis Macquart 
. Afrotropical species (figure 80)... 6... ee ee ee alpesa Walker 
Oriental SPecies's 4:20 aces Se Pe Re Tee, deb Sal ee Ne 33 
. Rather smaller species (length 6.7—7.7 mm) (figure 80) ......... bakeri Patton 
Rather larger species (length 7.7- 8.6 mm) (figure 78) ...... formosana Malloch 


Key to species of Stomoxyinae 


1. 


Ventral abdominal welts without diagonal bars and As without anterodorsal acute 
process (figure 59). Australasian species. . Pyredlia tasmaniae (Macquart) (Muscini) 
Ventral abdominal welts with diagonal bars (figure 8d) and As with acute ante- 
rodorsal process. Cosmopolitan.............0.20005 Stomoxyinae ....2 


. Very large species (length 7~10 mm) with distinct though small tooth on dorsal 


edge of pvc. Afrotropical species .............. Rhinomusca dutoiti Zumpt 
Smaller species without dorsal tooth on pve (a very small one is shown by Ferrar 
1979 in his figure of Haematobia exigua but I have never seen such an example). 


Cosmopolitan... -iscia ihe St wet wera ee SR es A thos ae dae 3 
. Anal spiracles separated by at least the width of one. Generally larger species 
(length. 3:8=6,75:MM) 0.62 genre ee he Re ae ged ob a He toe a a a 4 
Anal spiracles separated by less than width of one..................06. 8 
. 3 prospiracular lobes. Anal spiracles strongly triangular. Length about 4—5 mm. 
Oriental species... 2... ee eee Stomoxys indicus Picard 
4—7 prospiracular lobes. Anal spiracles subtriangular. Cosmopolitan......... 5 


. 5-6 prospiracular lobes. Larger species (length 4.24—6.75mm) (figure 81). 


Cosmopolitan... . 0.2.22... 2 ee eee Stomoxys caicitrans (Linnaeus) 
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6. 


7. 


4—7 prospiracular lobes. Generally smaller species (length 3.5-5.5mm)...... 6 
4 prospiracular lobes. Neotropical species... ... Neivamyia flavicornis (Malloch) 
6-7 prospiracular lobes. Holarctic species... 2... 1. ee 7 
6 prospiracular lobes (figure 83). Nearctic species . . . Haematobosca alcis (Snow) 
7 prospiracular lobes (figure 83). Palaearctic species 

ge Tea, aha batie, ce acd, Sommteete tii ns ane Red eas Gia teg Haematobosca stimulans (Meigen) 


. Anal spiracles distinctly smaller (AB < 0.040)... 2. ...... 0... .00.0005. 9 


Anal spiracles very large (AB about 0.050) (figure 84). Cosmopolitan thermophile 
Tee tita lah Shel bgt eetin td, Haemato bia irritans (Linnaeus) and exigua (de Meijere) 


. Smaller species with 4—S5 prospiracular lobes. Length 2.5—4mm. Palaearctic 


SPECIES 352 Shak Ra See ES RE Haematobia titillans (Bezzi) 
Larger species with 5—6 prospiracular lobes. Length 3.75—4.8mm (figure 82) 
Oriental species... .....0........-240-. Bdellolarynx sanguinolentus Austen 


Key to species of Atherigoninae 


1 


Ob unusually massive and heavily sclerotised. Ph at most narrowly clearer 
ventrally, without sr and fused anteriorly with s which is robust in relation to 
front part of ph. Anal spiracular slits straight to curved, encircling central scar. 
Phytophagous species....... sg. Atherigona s. str. (part). 2... 0.2.0. 9 
Ob less uniformly sclerotised though sometimes extremely complex with curious 
unsclerotised areas in basal half. Ph broadly clear ventrally, with distinct sm; never 
fused anteriorly with hs, and this much less robust compared with front end of 
ph, Anal spiracular slits slightly curved to sinuate-angulate, convergent, peripheral 


or encircling, scar median to central... 1. ee 2 

. Ob massive, uncinate anteriorly but very abruptly narrowed medially and narrowly 
attached basally. Afrotropical species ..... . sg. sealant s. str. (part) 6.2... 
Ob not as above. See or facultative carnivores... .sg. .. . Acritochaeta 

: : acted s FGamshaw Pgapateie a 3 

. Avil aoale: seiaig aied tea stesenced age ath ayer iatia: ai ogre canensee Buda wedi gre Cae sok 4 
Anal spiracles not exserted .. 0... ce eee 6 


. Ob and ar slender and simple. Length 3.3—5 mm (figure 85). Cosmotropical 


Pa Fatally Wao DSR ah fag to est's Slate aan s Bye FUG HEe ecg ee age ORE orientalis (Schiner) 
Ob and ar complex. Length 4.46.3 mm. Oriental species... ...........4. 5 


. Indian species with 7—8 prospiracular lobes and highly complex 08 and ar (figure 


BO) Sica: Becca's ilies ap ahah ct Satin Sonbee ct alee xl Bae grant hands Gee Ae snd distincta Malloch 
Guam species with 4—5 prospiracular lobes and less complex od and ar (figure 86) 
trad soaiealertaest Sash tes lah anh te estes Os ER Yen Sy Bt A A ence, eg St longipalpis Malloch 


. Anal spiracular slits almost straight, peripheral. Length 3 -5.45 mm (figure 87) 


Afrotropical species. 2... ee ee eee yorki Deeming 
Anal spiracular slits U-shaped, convergent. Length 4.8mm (figure 87). Indian 
SPOCIES ssid ace eck te Da tienes ae lta Ste a died ord pallidipes Malloch 


. Larger species with 5 prospiracular lobes. Length 4.3- 4.75 mm (figure 88) 


Bei Wires d Conia behaves ak date Sache es Sava Mee dries a acutipennis Villeneuve 


Smaller species with 6—9 prospiracular lobes. Length 3—3.7 mm ........... 8 


. Rather smaller species with anal spiracles set in deep concavity, thus invisible in 


lateral or dorsal view. Length3mm...............--- tomentigera Emden 
Rather larger with anal spiracles in shallow concavity, visible in lateral and dorsal 
view. Length3.7mm................2-2-00-000-- occidentalis Deeming 


. Ob enormous, hiding mh from lateral view, or only at most dorsal edge of base 


VISIDIG#s 5 Sede de ae Rs ad a SL Cad tae dia ee heen shee 10 
Ob not hiding mh from lateral view, except sometimes the apices of the hooks . 14 


. AB<0.030; 5—7 prospiracular lobes. Length 3.45—3.70 mm (figure 93). Afro- 


trOPical SPEClES 2 ey. 4.6 ea ce ee ee SA AR OS ponti Deeming 
AB > 0.030, 7-11 prospiracular lobes... 2... 0. ee ee ee 11 


. Anal spiracles very large (AB = 0.055) and mh completely hidden inside view ..8 


prospiracular lobes. Length 3.8 mm (figure 92). (On French Millet) 
gle Taber gto re asad GRAY etter alin Na Sei pad cat ahd ht sp. indet. (Queensland) 
AB=0.032-—0.038. Upper edge of mh visible in lateral view, at least basally. . .12 


. 7-8 prospiracular lobes. Length 3.7—4.1 mm (figure 94). Oriental-Australasian 


SPOCIES: 6% cite wba ee ete eyed beatae @ al ariwedee Bee oryzae Malloch 
NB. The Afrotropical albistyla Deeming would probably also run out here; length 
3.1 mm. 

9-11 prospiracular lobes .. 1... eee 13 


. Smaller species with relatively larger anal spiracles (AB = 0.038); 10—11 prospir- 


acular lobes. Length 4.2 mm (figure 95). Palaeotropical species . soccata(Rondani) 
Larger species with relatively small anal spiracles (AB = 0.032—0.033). 9—10 pro- 


spiracular lobes. Afrotropical species... 2.6... 2 eee eee gilvifolia Emden 
. AB<0.030. Afrotropical species... 2. eee 15 
AB>0.030 oa serie de oe ee EE Shae ee ew Et Ree a ee ee 18 
. Large species with 9—10 prospiracular lobes. Length 5.9—6.5 mm. . mitrata Séguy 
Smaller species with 4—14 prospiracular lobes. Length 4—5.lmm.......... 16 
. 9-14 prospiracular lobes. Length 4.2—-4.6mm............. bedfordi Emden 
4—7 prospiracular lobes 2. ee ee eee 17 


. Perispiracular field enclosed by strong carina. Length 4.5—5.1 mm. . laevigata Loew 


Perispiracular field without peripheral carina. Length 4—4.5 mm. . . Jineata Adams 


. 4-8 prospiracular lobes 0. ee eens 19 


10—14 prospiracular lobes... 1... ee 20 


. Smaller specics with 4—7 prospiracular lobes. Length 2.9—3.35mm. Old World 


Palaeotropical species... 0. 22 eel naqvii Steyskal 
Larger species with 8 prospiracular lobes. Length 4.7—5 mm. Afrotropical species 
steeleae Emden 


. Japanese species with 10—14 prospiracular lobes and conspicuous perispiracular 


raised carina. Length 4.85-5.3mm................... boninensis Snyder 
Oriental-Australasian species (i.e. India-China-Australia) with 10—12 prospiracular 
lobes. Length 4.8—5.6mm ........ 0.00.0 00 200s falcata (Thomson) 


NB. The rather smaller Afrotropical bedfordi possibly also runs out here; length ~ 
4.2—4.6mm. 
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The subfamilies Mydaeinae, Coenosiinae and Phaoniinae 


It has not been possible to construct manageable dichotomous keys to these three sub- 
families but the possible generic identity of unknown puparia belonging to these 
groups may be obtained by comparison with Table 2. Many very distinctive forms are 
found (e.g. character 35: the acute, forwardly directed dorsal tooth on the As is found 
commonly in Helina s. str. and in single species of Mvospila and Phaonia sg. Rohrella). 


Survey of the biology of world Muscidae 


Subfamily EGINIINAE 
(figures 9-10) 


Larvae. Trimorphic endoparasites (see under /ginia ocvpterata). 

Puparia. Large, extensively spiculate and of aberrant form. Length 9.4—10.2 mm. 
An.sp. 0.27—0.30 mm. 

Biology. Larvae are internal parasites of Diplopoda. 

Affinities. I am following Pont (1977c) in including this group in the Muscidae 
although with great reservations. Adult features, notably the absence of postabdominal 
spiracles in the female, suggest muscid affinities, but the mature larva is totally unlike 
any other known members of this family in having massive parastomal bars. Further 
studies may reveal closer affinities with the Tachinidae or Calliphoridae. 

Distribution. Mainly Oriental-Australasian but with several eastern Palaearctic and 
one European species (Eginia ocypterata, see below). 


Genus Eginia Robineau-Desvoidy 


Eginia ocypterata (Meigen) 
(figure 9) 


Larva, Instar 1: opaque, yellowish-white, with very broad densely microspiculate 
prothoracic collar, very narrow, complete spicular bands on front margins of meso- 
thorax, metathorax and first abdominal segment and a single row of dark spicules 
encircling boundary of segments 7 and 8. Cephalopharyngeal skeleton of slender 
Muscine type, strongly sclerotised, ph triangular, with very long pdc. Length 1.8 mm. 
Instar 2: all segmental boundaries with complete spicular bands and entire caudal 
segment, except for perispiracular area, with uniform covering of small spicules. 
Prospiracular process clavate, with very obscure marginal prominences. Cephaloph- 
aryngeal skeleton heavily sclerotised, of aberrant form with elongate appendix on pdc. 
Anal spiracles with 2 straight, elliptical slits and complete dark peritreme. 

Puparium. Large, dirty reddish puparium, blackish towards extremities, appearing 
matt to naked eye and with thoracic segments slightly concave above; lateral flanges 
impressed beneath; body somewhat dorsoventrally compressed so latcral areas more 
abruptly curved than usual. Surface very finely transverse striate, rugosely so on caudal 
segment and coarsely striate on thoracic ones. Thoracic segments, anterodorsal part of 
abdominal segment 1 and posterodorsal part of 7 with dense spines, elsewhere surface 
covered with short, mainly blunt spicules, appearing as dark very irregularly scattered 
tubercles. Segmentation rather obscure except between abdominal segments 7 and 8. 
Ventral abdominal welts and anal plate not differentiated, the entire surface being 
densely spiculate as rest of body, except for the perispiracular disc which is smooth, 
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Figure 9. Eginia ocypterata: a, first instar larva; b, cephalopharyngeal skeleton of second instar 
larva; c, prospiracular process of second instar larva; d—h, puparium, dorsal and lateral views; i, j, 
spicular arrangement on dorsal surfaces of abdominal segments 1 and 7 of same; f, perispiracular 
field of puparium; k, anal spiracle of puparium; 1, cephalopharyngeal skeleton of mature larva 
removed from puparium. (Scale: a, 0.244mm; b, ¢, 0.122 mm; d—f, 0.606 mm; i, j, 0.244 mm; f, 
0.606 mm; k, 0.244 mm;1, 0.244 mm) (Orig.). 
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Figure 10. Puparium of Syngamoptera flavipes: a, dorsal view; b, ventral view; c, posterior view; d, 
detail of surface adornment in area indicated; e, anal plate; f, anal spiracles; g, dorsal part of 
thoracic section (ventral part missing); h, prothoracic spiracle (from above); i, prothoracic spiracte 
(side view); j, anterior end of puparium (latcral view); k, detail of arrangement of spicules on 
dorsolateral part of abdominal segment 1: 1, detail of spicules (ca. 0.01 mm long). (Scale: a—e, g 
0.122 mm; d, f 0.488 mm; k 0.244 mm). 

(NB. In figures a and b, the spicular bands are exaggerated to show the arrangement; also, in figures 
a and j the assumed orientation of the thoracic segments are indicated by dotted lines) (Orig.). 
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black and brightly shining. Prospiracular processes damaged but probably bifurcate 
with many lobes on each branch (some still present on base of one branch). Anal 
spiracles shiny black, protuberant, separated by about width of one; slits radiate upon 
median scar. No external pupal horns. Length 9.4mm. An.sp. 0.27 mm. Ceph.skel. 
(0.17; 0.12:0.68) = 0.85 mm. AB = 0.029 (n = 1). 

Material studied. 2 small larvae, Cascais (Portugal), v. 81; 1 puparium, same locality. 
11.xi.81, dissected from 10th stadium ? Ommatoiulus moreletii, G. Baker (BMNH). 

Biology. Whilst the above specimens were not reared to maturity and their actual 
identity not established, circumstantial evidence is very strong that they belong to 
E. ocypterata. This is known as an endoparasite of millipedes, a group otherwise 
remarkably free from parasites owing to their powerful toxins. 

Distribution. Europe: Portugal to Georgia north to Denmark and Poland. 


Genus Syngamoptera Schnab] 


Syngamoptera flavipes (Coquillett) 
(figure 10) 


Puparium. Orange-red, quite matt, sub-cylindrical, curved in lateral aspect with 
both ends strongly swollen, so broadest across abdominal segments | and 7. Thoracic 
segments and perispiracular field flattened (in near-vertical plane) and distal part of 
first abdominal segment with conspicuous transverse carinae from above, and in front 
of, the very short black pupal horns to near the mediodorsal line. Intersegmental areas 
of abdominal segments 1—7 with broad bands of tiny elongate spicules arranged in 
longer irregular serrate rows or, in places, in shorter arcs. These bands equally broad on 
all surfaces of segments 1—5 and 7, but on 6 apparently absent dorsally and most 
distinct on dorsal surfaces of 1 and 2. Caudal segment with similar spicules throughout 
but below anal spiracles is a wide area where the spircules are covered by rows of 
whitish waxy globules beset with a few tiny pale hairs, the former accentuating the 
subreticulate pattern formed by the arcs of fine spicules. Ventral abdominal welts 
undifferentiated. Perispiracular field flattened and wholly devoid of peripheral 
papillae though their locations marked by very faint depressions. Anal plate very 
conspicuously darkened, strongly transverse. Anal region without discernible papillae 
and covered with arcuate rows of spicules on pre-anal welt and behind anal plate where 
some very slightly larger spicules are also present. Thoracic segments without apparent 
spicules (at x 100). Prothoracic spiracles represented by barely elevated scabrous 
convexities bearing many finger-like lobes. Anal spiracles very large, shining black, 
separated by about half the width of one; slits nearly straight, converging upon the 
inferior scar. Length 10.2mm. An.sp. 0.30mm (Ceph.skel. missing). AB = 0.029 
(n = 1). 

Material studied. 14, reared 9.vi.48, M.Miyatake, Nat. Inst. Agr. Sci., Japan (BMNH). 

Biology. Reared from unidentified millipede. 

Distribution. E. Palaearctic; Japan and eastern Siberia. 
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Subfamily REINWARDTIINAE 
(figures 11—27) 


Ova. Phaonia -— type 

Larvae. Trimorphic saprophages, facultative carnivores or parasites. Instar 1: 
cephalopharyneal skeleton usually of Muscine type, but sometimes more heavily 
sclerotised (e.g. Philornis). Instar 2: cephalopharyngeal skeleton with mh and ans fused 
to each other, and usually to ds. Instar 3: spine bands usually well developed and 
sometimes body more extensively spiculate. Oral margin often with conspicuous sud. 
Anal papillae often well developed and perispiracular field frequently with 6—8 
peripheral tubercles which may be long and finger-like. 3—24 prospiracular lobes or 
with low prominence bearing variable number of apertures; rarely with bifurcate 
process (Cyrtoneurina). Anal spiracles large, slits subparallel to radiate or peripheral, 
straight to highly tortuous, scar usually median (but see Passeromyia and Philornis 
falsificus). 

Cephalopharyngeal skeleton usually massive; ms evenly rounded behind or with 
acute mac; mh symmetrical or nearly so, almost straight to abruptly curved, sometimes 
very widely separated (e.g. Passeromyia). Aco absent to well developed, sometimes with 
cut and (or) sub. Ds often fused. Hs usually robust with strong dorsal tooth, some- 
times widely separated. Ph without af, or at most a very weak one (Cyrtoneurina), 
very rarely with vestigial pas (Passeromyia), optic depression superior, very rarely 
partly filled by sclerotised of (Phaonina); pvc with strong dorsal tooth; sm usually 
present. Length up to 25 mm. 

Puparia. Many genera have highly characteristic puparia (e.g. Aethiopomyia, 
Ochromusca, Charadrella, Passeromyia, Philornis etc.), and cocoon production occurs 
commonly in several genera (e.g. Philornis, Muscina etc.). Length 5-13 mm. An.sp. 
0,12—0.58. Ceph. skel. 1.10—1.61 mm. AB = 0.018—0.071. 

Biology. A wider range of biotopes is utilised by this subfamily than by any other 
in the Muscidae. Whilst many are eurytopic (e.g. Muscina, Synthesiomyia), others have 
highly specialised larval habits. Charadrella and the Ochromusca group breed in dead 
snails in the New and Old World respectively, whilst Philornis and Passeromyia contain 
species associated with birds and ranging from nest scavengers to endoparasites 
attacking the adult birds or their nestlings. Vivipary is common in this subfamily. 
Many species believed to be of economic importance. 

Affinities. The Cyrtoneurininae have long been regarded as a rather unsatisfactory 
Neotropical subfamily related to Muscina and Dichaetomyia on the one hand, and the 
Mydaeinae on the other. Researches into larval morphology have caused me to extend 
the group, as the Reinwardtiinae, to include Old World and cosmopolitan genera like 
Muscina, Synthesiomyia, Passeromyia ctc. Perhaps more controversial is my inclusion 
of the Ochromusca group from the Dichaetomyiini (with which their larval morphology 
exhibits no indications of affinity), along with problematical genera such as Phaonina 
and Metopomyia, All of these exhibit marked resemblances in larval morphology if not 
in adult facies. The Reinwardtiinae as here constituted form a reasonably coherent unit. 
In most genera the adults have hairy pteropleura and lack proclinate fronto-orbitals. 
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Many have the discal vein curved apically and there is a wide range of form in the 
ovipositor (from a ncar-mydaeine type to a muscine type). The egg is of the primitive 
Phaonia — type. Larvae are trimorphic, often with very extensive spiculation, and 
massive cephalopharyngeal skeletons. In some the earlier instars have heavily sclerotised 
larval mouthparts. On larval characters the main difficulty is in distinguishing the 
Reinwardtiinac from the lower mydaeines since Helinomydaea could be in either 
group. Phaonina corbetti may be a polietine, whilst in the form of the larval mouth- 
parts, except for the obsolete atrial angle, Metopomyia most nearly approaches 
Achanthiptera. | have been unable to find any forms linking the Reinwardtiinae with 
the Phaoniinae and suggest the latter perhaps arose from the lower Mydaeinae. On the 
other hand the Azeliinae, Muscinae, Achanthipterinae, Atherigoninae and Mydacinae 
all show some morphological affinities with the Reinwardtiinae. 

The division of the subfamily into Reinwardtiini and Hemichlorini which is adopted 
here is tentative. In the adults the pteropleuron is usually hairy in the latter but very 
often not in the former, and the ovipositor is often of a near-mydaeine type in the 
latter but in the former it resembles the muscine type. In the known reinwardtiine 
larvae the mature cephalopharyngeal skeleton is massive with a very deep pharyngeal 
sclerite, whilst in the very few known larvae belonging to the Hemichlorini it is more 
slender. The Reinwardtiini are most numerous in the Neotropical region but are 
cosmopolitan, whilst the Hemichlorini may be exclusively Neotropical; the Old 
World genera Phaonina and Metopomyia may belong elsewhere. 

Presumably the ob have been lost in Philornis but were present in its ancestors. As 
noted above, ob occur, albeit very rarely, in the Calliphoridae. 

Distribution. Cosmopolitan, but mainly tropical and most numerous in the 
Neotropical Region. 


Tribe REINWARDTIINI 
Genus Ochromusca Malloch 


Ochromusca trifaria (Bigot) 
(figure 11) 


Ovum. Uterine eggs similar to Alluaudinella (Pont & Dear, 1976). 

Larva. Paterson (1958) figures mouthparts, anal spiracles and anal plate of mature 
larva. Anal plate conspicuously angulate towards outer margins and so wider towards 
apices than medially. ‘ 

Puparium. Dull red, matt to slightly shining, opaque to semi-translucent, with anal 
spiracles and prospiracular processes projecting from dorsal surface and even anal plate 
visible from above. Segments clearly marked, swollen medially and constricted towards 
boundaries where muscle scars conspicuous as elsewhere. Ventral abdominal welts each 
with 2—3 irregular rows of very large pale squamose spicules. Anal region with vestiges 
of all perianal papillae, and indications of 4—6 peripheral papillae around perispiracular 
field. Prospiracular process blackish red, semicircular, with 12—13 lobes. Anal spiracles 
massive shining black with bright yellow slits strongly convergent to subradiate around 
median scar, at least slightly sinuate. 





Figure 11. Ochromusca trifaria: a, puparia inside shell of Achatina craveni Smith; b, puparium 
(dorsal view); c, same (lateral view); d, same (posterior view); e, prospiracular process; f, anal 
spiracle; g, anal plate and pre-anal welt; h, detail of spiculation on ventral abdominal welt 7 of 
puparium; i, cephalopharyngeal skeleton from puparium. (Scales: b, c, d 0.61 mm; c, e—i 0.24 mm) 
(Orig.). 
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Cephalopharyngeal skeleton decidedly small, very similar to Muscina but relatively 
much broader in dorsal view. Length 8.8—10.0 mm. An.sp. 0.24—0.29 mm. Ceph.skel. 
(0.23:0.18:0.87) = 1.26mm. AB = 0.027—-0.029 (# = 10). 

Material studied. 2 puparia, no locality; 8 puparia in shell of host, labelled ‘Shell of 
Achatina craveni Smith with empty puparia of Ochromusca trifaria Bigot... found on 
surface of ground near Fort Johnston (Malawi), 1150 ft., towards end of wet season, 
14.vii.49, W.A. Lamborn’ (BMNH). 

Biology. The larvae feed in dead Achatina (Emden, 1949; Paterson, 1958; Disney, 
1970, 1973; Pont & Dear, 1976.) but it is not known whether they are carnivorous, 
nor whether the adults are viviparous. The remarkable form of the puparium is 
evidently an adaptation to the specialised larval habits, allowing the spiracles to project 
above the autolysed snail upon which the larvae feed. Lamborn’s puparia were coated 
in a black incrustation — the dessicated pabulum. 

Affinities. Pont (1980) follows Hennig (1965) in including Ochromusca, 
Aethiopomyia and Alluaudinella in the Dichaetomyiini, whilst Emden (1939) placed 
them in the Muscinae on the basis of the Musca type of thoracic squama. The larval 
mouthparts and anal spiracles suggest a close relationship with Muscina and 
Synthesiomyia. O. trifaria is the type-species of the genus Ochromusca. 

Distribution. Afrotropical. Humid areas from Natal to southern Sudan, west to 
Angola and Sierra Leone. 


Genus Alluaudinella Giglio- Tos 
Alluaudinella bivittata (Macquart) 


Ovum. Described by Paterson (1959). 

Larva. Larval mouthparts, anal spiracles and anal plate figures by Paterson (1959). 
Anal plate broadest medially narrowing laterally. Anal spiracular slits more strongly 
curved than in Ochromusca. 

Cephalopharyngeal skeleton very similar to Ochromusca but hs rather deeper, ph 
rather more elongate, notably in relative distance between base of pyc and its dorsal 
tooth. Length up to 16mm. 

Biology. Paterson (1958) found the eggs on the bodies and shells of Achatina killed 
8 hours earlier and placed in thick Acacia scrub. The eggs hatched in 36—40 hours into 
first instar larvae and by the first ecdysis many larvae were vacating the highly over- 
crowded autolysed snail for the moist soil below. The remainder spent most of their 
time immersed in the liquified pabulum with only their anal spiracles visible. Despite 
extreme overcrowding of the larvae carnivory was not witnessed and the dark gut 
content suggested a saprophagous diet. The larval stage was thought to last about 8 
days under natural conditions. 

Affinities. Clearly closely related to Ochromusca and Aethiopomyia. A. bvittata 
has a trimorphic saprophagous larva and a typical Phaonia — type of egg, and is the 
type-species of the genus Alluaudinella. 
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Distribution. Afrotropical: South Africa to Seychelles and throughout East Africa 
(Pont 1980). 


Genus Aethiopomyia Malloch 


Aethiopomyia gigas (Stein) 
(figure 12) 


Larva. instar 2: Cuthbertson (1938) figures the cephalopharyngeal skeleton and 
prospiracular process of the late second instar larva. About 24 prospiracular lobes. 

Cuthbertson’s figure of the larval mouthparts shows many peculiarities rendering 
this species unique amongst known second instar muscid larvae. The oral sclerities 
appear almost fully developed with strong curved mh and ds but there is a massive mac 
which is absent in the final instar; whether the structure before the mh is an ob 





Figure 12. Aethtopomyia gigas: a, puparium (dorsal view); b, detail of spicular arrangement on 
puparium; c, anal plate; d, e, anal spiracles; f, cephalopharyngeal skeleton from puparium. (Scales: 
a, 1.0mm, b, d-f, 0.24 mm; c, 0.61 mm) (Orig.). 
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displaced from the base of the mh is not apparent, but compare with his figure of the 
remarkably similar structure in the sarcophagid Poecilometopa spilogaster (Wd.). 
Indeed Cuthbertson’s figure of the second instar larval mouthparts of A. gigas is much 
more like a sarcophagid than a muscid. Length of uterine larva at time of deposition 
6.5mm. 

Puparium. Reminiscent of Ochromusca but cuticle extensively covered in very 
small, flat papery spicules arranged in close-set transverse ranks which are densest along 
segmental boundaries making these regions clearly paler to the naked eye; these pale 
zones dilate ventrally to form the ventral abdominal welts. Anal plate much more 
transverse than in Ochromusca. Anal spiracles less protuberant, similarly coloured but 
with slits arranged slightly differently. 

Cephalopharyngeal skeleton similar in shape to Ochromusca but more heavily and 
uniformally sclerotised. Ob serrate anteroventrally, ds fused and ph without any 
distinct sm Length 12.12mm. Ansp. 0.44mm. Ceph.skel. (0.35:0.22:1.20) = 
1.61 mm; AB = 0.036 (” = 1). 

Material studied. | puparium, C. Diani Beach (Kenya), vii.51, ex decaying Achatina 
snail, N.L.H. Krauss (BMNH). 

Biology. Cuthbertson (1938) records that the female deposits a single late second 
instar larva at a time but that there are usually one or two much smaller first instar 
larvae in the parental uterus. He suggested development in birds’ nests or decaying 
fruit but the above data shows that the pabulum resembles that of Ochromusca and 
Alluaudinella. 

Affinities. The type-species of the genus Aethiopomyia. The sarcophagid-like 
structure of the second instar larval mouthparts is remarkable but the morphological 
details of the final instar closely resemble Ochromusca, Alluaudinella, Synthesiomyia 
and Muscina. The spicular vestiture however is more extensive than in these genera and 
this may suggest greater antiquity. Vivipary is no indication of an advanced state per 
se, being widespread throughout the calytrates. Many sarcophagids are viviparous 
malacophages. 

Distribution. Afrotropical; this very spectacular fly, the best known member of a 
genus of 5 species occurs mainly in equatorial forest regions of Cameroon and the 
Congo basin southwards to Chirindi Forest (Zimbabwe) (Cuthbertson, l.c.). 


Genus Charadrella Wulp 


Charadrella malacophaga Souza Lopes 
(figure 13) 


Ovum. Undescribed, but 4 ovarioles. 

Larva. Instar 3: abdominal segments 3—7 with conspicuous spiculate ventral welts, 
caudal segment with remarkably strongly produced subanal and much shorter postanal 
papillae, clearly visible in dorsal view and densely spiculate. 13 prospiracular lobes. 
Anal spiracles with slits nearly parallel, horizontal, very slightly sinuate. 
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Figure 13. Charadrella malacophaga: a, mature larva (dorsal view); b, same (lateral view); c, 
cephalopharyngeal skeleton from puparium; d, puparium (lateral view); e, prothoracic segment of 
same (dorsal view); f, anal spiracle. (After Albuquerque, 1947.) 


Cephalopharyngeal skeleton massive with short deep As and thick od. Ph similar to 
other genera in this tribe but perhaps more massive. Length up to about 22 mm. 

Puparium. Distinguished from all known muscid puparia by the strikingly flattened 
thoracic segments which are conspicuously elongated and bent upwards at 90° to the 
main axis of the body (strongly reminiscent of many sciomyzid puparia}. Length 
about 10-11 mm. 

Biology. Albuquerque (1947) records this specics parasitising and breeding in dead 
gastropods (Thaumastus taunaysi (Fér.) and Streptaxis sp.). A viviparous fly which 
deposits either late second or early third instar larvae. The adults are seldom encoun- 
tered but have been found on treetrunks. 

Affinities, Whilst Charadrelia may not be particularly closely related to the three 
preceding genera, it shares their unusual mode of life and has some structural affinity 
with them and with Muscina and Synthesiomyia. When more information is available 
on the Hemichlorini they may prove to be more closely related to that group but [am 
provisionally placing them close to Ochromusca on the strength of their biology. 

Distribution. Neotropical; C. macrosoma Wulp, the type-species of the genus, ranges 
widely from Brazil to N. Yucatan, whilst C. malacophaga is known only from Rio de 
Janeiro (Pont, 1972). 


Genus Muscina Robineau-Desvoidy 
(figure 14—15) 


Ova. Phaonia-type, length 1.0-1.5 mm. Up to 148 ovarioles. 
Larvae. Trimorphic facultative carnivores. Instar 1: oral margin with strong sud. 
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Instar 2: cephalopharyngeal skeleton develops conspicuous accessory dorsal mouth 
hooks (‘crochets 3’ of Keilin). Instar 3: ventral abdominal welts with median transverse 
groove, strongly spiculate, the large spicules at low magnification often appearing as a 
series of large angular impressions. Caudal segment rounded behind with 4 pairs of very 
slight perispiracular papillae. Anal region with prominent papillae. 4—6 prospiracular 
lobes. Anal spiracles with slits radiate, slightly curved to angularly bowed; scar sub- 
median to median. 

Cephalopharyngeal skeleton with very broad mA lacking mac, massive fused ds and 
well developed ob and ar, often with sub but without cut (present in Synthesiomyia). 
Hs about 1.5 times as long as deep. Ph about twice as long as deep, with strong dorsal 
tooth on pve. Pharyngeal floor broadly transparent with distinct sy. Length up to 
17mm. 

Puparia. Often of characteristic barrel-like shape (figure 15, j k); usually enclosed 
in cocoons, often in masses arranged in honeycomb-fashion. Length 5.5—8.6 mm. 
An.sp. 0.12—0.22 mm. Ceph.skel. 0.98—1.23 mm.; AB = 0.018—0.025. 

Biology. In temperate regions the adult females overwinter. Highly eurytopic, 
breeding in very wide range of media but especially in plant or animal refuse. Whilst all 
species are highly polyphagous, there are intraspecific differences of emphasis. Thus 
levida is the one most frequently breeding in fungi, whilst prolapsa is the main 
necrophage. M. stabulans is perhaps the most eurytopic but certainly the most strongly 
synanthropic. Fecundity is high and the first two larval instars are thought to be 
saprophagous. In the presence of live food they then become highly carnivorous or 
cannibalistic, although Thomson (1937) found that they could reach maturity on a 
purely saprophagous diet. Under optimum conditions the larval stage may last a week, 
the mature maggots using any available debris for cocoon construction which merely 
entails agglutinating particles together by means of a frothy oral secretion. Pupariation 
may occur in huge masses. Cases of myiasis in mammals, including man, resulting from 
Muscina are not unusual and serious ulceration often develops since the maggots attack 
healthy as well as diseased or decaying tissue. However, the pronounced heliotropism 
of adult stabulans militates against its frequent entry into human habitations and hence 
it is not such a threat to public health as Musca domestica. Indeed it has long been 
recognised as an important controller of housefly populations. 

Affinities. Collin (1948) departed from tradition in placing Muscina in the 
Phaoniinae on the morphology of the immature stages. Hennig (1965) returned it to a 
differently constituted grouping of Muscinae suggesting that its affinities lie with the 
Hydrotaeini, basing this hypothesis on the structure of the ovipositor. Whilst there 
can be no doubt about the close affinity between Muscina, Synthesiomyia and 
Passeroniyia, there seems little ground for claiming anything other than very distant 
relationships with either the Muscinae or Phaoniinae. 

The accessory dorsal mouth hooks figured by Keilin (1917) in second instar levida 
presumably develop just before the second ecdysis. They are also figured in Polietina 
flavithorax and Neomyia cornicina (q.v.) and doubtless occur in most trimorphic 
species in transition from second to third instar. 

Distribution. A predominantly Holarctic genus of 11 species, 3 of which occur only 
in the Nearctic and | only in the Neotropical Region. 
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Muscina levida (Harris) 
(figure 14) 


Ovum. Undescribed but about 98 ovarioles (Lobanov, 1977a). 

Larva. Keilin (1917) figures the larval mouthparts of all three instars and Wallace 
(1971) the 3rd instar. According to Zimin (1948) the third instar larva only differs 
from stabulans in the larger paraanal papillae. Length up to 13mm. 

Puparium. Less consistently parallel-sided than in stabulans but very variable. Some- 
times more acuminate towards ends and with strong rugose folds around anal spiracles. 





Figure 14. Muscina levida: a, cephalopharyngeal skeleton of first instar larva; b, cephalopharyngeal 
skeleton of late second instar larva; c, cephalopharyngeal skeleton from puparium; d, puparium 
(dorsal view); e, anal plate of puparium; f, anal spiracles. (Scales: a, f, 0.10mm;b, 0.12mm;c¢ 
0.24 mm; d, 0.78 mm; e, 0.40 mm) (a and b after Keilin, 1917, rest orig.). 
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See also Wallace (1971). Length 5.5—6.5 mm. An.sp. 0.16 mm. Ceph.skel. (0.25:0.17: 
0.75)—(0.27:0.19:0.80) = 1.12—1.23 mm. AB = 0.025—0.029 (v7 = 3). 

Material studied. 2 puparia, Edwinstowe, Nottinghamshire, (England), 18.viii.66, 
coll.as larvac in fermented oak sap, P. Skidmore (MAGD); 16 with puparium, north 
side of Howell Mt. at 1,300ft., 2 miles N.N.E. of Angwin, Napa County, California 
(U.S.A.), 31 .viii.75, from rotting water melon, H.B. Leech (CAS). 

Biology. Amongst the recorded larval pabula, fungi figure most prominently. 
Hackmann & Meinander (1979) give the following host fungi: Boletus reticulatus, 
subtomentosus, piperatus, Lecanum carpini, Amanita rubescens, vaginata gp., Macro- 
lepiota procera, rhacodes, Agaricus abruptibulbus, campestris, edulis, Psatyrella 
candolleana, Nematoloma fasciculare, Coprinus fuscescens, Russula foetens, and vesca. 
Draber-Moriko (19664) also records it from Amanita rubescens, whilst Niblett (1955) 
found larvae in Lactarius vellereus at Bonhill (Scotland) on 6.vi.1953, adults emerging 
in August and September. Wallace (I.c.) found it to be the most abundant muscoid 
affecting mushrooms in the southern Appalachians, occurring in Boletus griseus and 
americana, several Russula species and Armillaria mellea, trom late June to mid 
September. On the other hand, Zimin (1.c.) records larvae in Russia in spring, early 
summer and autumn but only very rarely between late June and September. Riel 
(1920) gives Russula virescens, coll.10 August 1917, 29 hatching 28-30 August; R. 
depellans, coll.17 June, emerged 6 July, Amanita vaginata, coll.17 August, emerged 
5—9 September; 3 larvae coll.23 September on Melanopus squamosus, produced adults 
on 23 November. Dely-Draskovits & Mihdlyi (1972) found this to be the commonest 
fungicolous muscid in Hungary affecting 42 fungi belonging to genera Boletus, 
Leccinum, Suillus, Xerocomus, Leucopaxillus, Marasmius, Amanita, Pluteus, Agaricus, 
Lepiota, Macrolepiota, Psathyrella, Inocybe, Lactarius, Russula and Scleroderma, the 
adults occurring from April to November. Eisfelder in Hennig (1962) records 20 host 
fungi, and Desvoidy’s name fungivora for this species reflects its predilections, but it is 
recorded from many other media. On |8.vii.1966 I found many larvae in fermenting 
oak sap and these pupariated without cocooning a day or two later, the adults 
hatching in early August. Beaver (1972) found that the fly bred regularly in dead snails 
(Cepaea nemoralis) during May, June and July. Colonisation and development were 
rapid for 9 days after death of the snails, the puparia were found in roughly excavated 
earthen cells. Two adults in the BMNH emerged from puparia from dead Brevicoryne 
brassicae on 27 viii.1934. 

Zimin records the species from excrement of man and domestic animals, whilst 
Coffey (1966) gives cow dung as a larval pabulum. Greenberg (1971) summarises the 
records of larval biotopes including several instances of parasitism of lepidoptcrous 
larvac, whilst James (1947) says the larva produces a fatal myiasis in nestling birds. In 
England winter is spend in the adult state, hibernating most commonly behind loose 
bark of trees; in summer the live cycle lasts about 4—6 weeks. Adults are attracted to 
excrement and decaying plant matter, and according to Coffey (l.c.) they occasionally 
enter houses. 

Greenberg (I.c.) regards this fly as a ‘particularly communicative hemisynanthrope’, 
carrying Poliovirus and Thelohamia thompsoni among other pathogens. However it is 
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much less synanthropic than stabulans, occurring mainly in damp woodlands. Draber 
Moriko (1977) found the largest populations in Alnetum incanae in Poland, whilst 
Cuny (1978) found that Milio/Galio-Fagetum luzuletosum was favoured in the Jura 
mountains of Switzerland. 

There may be only two emergences annually over more northerly parts of the range 
(i.e. central and northern Europe), those in spring leaving hibernation and their 
progeny emerging during August or September (e.g. Nuorteva, 1969). In more 
southerly areas (e.g. Tadzhikistan and the southern states of U.S.A.) there is an 
autumn brood of larvae. Cuny (1978) suggests this is trivoltine in Switzerland. 

Affinities. M. angustifrons (Loew) is the eastern Asiatic counterpart of levida 
(Hennig |.c.) but whether it shares the propensity for fungi is not known. Park (1978) 
found it on decaying animal and vegetable matter in fields in South Korea. This species 
was long known as M. assimilis (Fallén), but Pont & Michelsen (1982) propose the 
application of Harris’s name which predates that of Fallén. 

Distribution. Holarctic; from Tropic of Cancer to northernmost Scandinavia 
(Hennig I.c.), Kamchatka (Sychevskaya, 1974), Alaska and N.W.T. (Huckett, 1965a) 
but apparently not extending beyond the Taiga and absent from the subarctic islands 
of the northern Atlantic and Pacific. 


Muscina krivosheinae Lobanov 


Larva, Instar 3: distinguished from other described Muscina larvae by the larger 
dorsal tooth on the pve, and the shallower hs. Ceph.skel. (0.37:0.21:0.91) = 1.42 mm. 
(other dimensions not stated). 

Puparium. Described briefly but not figured by Krivosheina & Lobanov (1977). 

Biology. The type series was reared from larvae found in more field mushrooms in 
June 1973 near Shardskhoi (Turkmenia) by Krivosheina. 

Affinities. The only known palaearctic Muscina with yellow legs (and yellow 
antennae in male), and hence clearly distinguished from its congeners. Known larval 
pabulum suggests affinities with /evida but adult colour is closer to stabulans. 

Distribution, Palaearctic; only known from the type-locality in Turkmenia, 


Muscina prolapsa (Harris) 
(figure 15, a—h) 


Ovum. Figure in outline by Thomson (1937). 

Larva, Instar 1: cephalopharyngeal skeleton similar to /evida but with larger, more 
uncinate Ja with 2 pairs of long posteroventral transparent processes; mh relatively 
shorter and sub fewer. Also a pair of dorsal rods above the /a (vestigial accessory dorsal 
hooks of instar 2?). Instar 3; cephalopharyngeal skeleton with a pair of very small, 
weak sub. Length up to 17mm. Thomson (1.c.) figures all three instars; probably not 
separable from stabulans. (n = 11). 

Puparium. Probably indistinguishable from stabulans. Length 8.6—9.0 mm. An.sp. 
0.22mm. Ceph.skel. (0.24:0.16:0.65)—(0.27:0.17:0.83) = ].01—1.20mm. AB= 
0.024—0.025. (# = 6). 
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Figure 15. Muscina prolapsa: a, cephalopharyngeal skeleton of first instar larva (lateral view); b, 
same (ventral view); c, cephalopharyngeal skeleton from puparium; d, detail of oral sclerites of same; 
e, caudal segment of mature larva (posterior view); f, detail of spicules on postanal region of same; 
g, ventral view of caudal segment of same larva; h, anal spiracle of same; M. stabulans: i, cephalo- 
pharyngeal skeleton from puparium; j, puparium (dorsal view); k, same (ventral view); I, detail of 
ventral abdominal welt of same. (Scales: a, b, d, f, h, 10.12 mm; c, e, g, i 0.24mm; j, k 1.4mm) 
(Orig.). 
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Material studied. 1 puparium, Moccas Park, Herefordshire (England), v.62, from 
corpse of Capreolus capreolus, P. Skidmore; 11 larvae (2 instar 1, 9 instar 3) and 5 
puparia, from laboratory culture, Y.Z. Erzinglioglu (MAGD). 

Biology. According to Thomson the eggs hatch in 1.5—2.5 days and larvae reared 
on raw meat take 7 days to reach maturity. They can survive on raw meat alone but in 
nature prey on larvae of Calliphora, Lucilia etc., though they are less carnivorous, 
according to Thomson, than Myospila or Polietes albolineata. Prior to pupariation they 
produce the usual Muscina type of cocoon, measuring about 12mm in length, and 
masses of these are often found under corpses. In Britain the life cycle takes some 4—5 
weeks in summer. 

M. prolapsa has only been reared from decaying animal matter, especially from 
large corpses. The Moccas Park puparium was found with many puparia of Heleomyza 
serrata (L.) and Fannia manicata (Mg.) under a putrid Roe Deer corpse. Buried carrion 
may also be utilised, some specimens in the BMNH having been reared from a buried 
horse. Others in the same collections were reared by Prof. O.W. Richards from dried 
milk imported into Britain from U.S.A. Séguy (1923) records prolapsa from larvae of 
Bombyx mori, Dendrolimus pini, Bombus agrorum, and from congregations of Sciara 
militaris. It may exert some controlling influence on Calliphora and Lucilia populations 
in some situations. 

Sitowski (Schwenke 1958) reared the Ichneumonid Stilpnus blandus from this 
species. 

The adults appear to be more shade-tolerant than stabulans or levida since in hot 
sunny weather when those species are active in the sunshine, prolapsa skulks beneath 
large leaves, and they occasionally enter houses. Often they occur in congregations of 
the superficially similar Polietes lardaria. Gregor & Povolny (1958) regard prolapsa as a 
hemisynanthropic species. 

In temperate regions the overwintering stage is uncertain, although in Cornwall 
(England) Thornley (1935) records adults during winter. Mr. O.M. White has found 
females indoors in Nottingham in January (pers. comm.). 

Affinities. This is the characteristic Muscina affecting carrion in rural areas. Its closest 
relative is probably pascuorum. It has usually been known as pabulorum (Fallén). 

Distribution. Holarctic, but less cold-resistant than Jevida, hardly penctrating the 
Taiga; Canaries through Egypt to Japan north to central Scotland, southern Finland 
and Manchuria. In North America from southern States to New York and Montana. 
Also recorded from St. Helena (Pont, 1976b). 


Muscina pascuorum (Meigen) 


Ovum. Undescribed but about 146 ovarioles (Lobanov, 1977a). 

Biology. Reared from Amanita citrina (Séguy, 1923) and from caterpillars 
(Fahringer 1941). Park (1977) records it from decaying animal and vegetable matter in 
mountainous parts of South Korea. Adults visit faeces and carrion (Gregor & Povolny, 
1961) and winter is spent in the adult state (Séguy). 


60 


Affinities. Long confused with prolapsa from which adults differ in the form of the 
thoracic squama; pascuorum was made type-species of Pararicia Brauer & Bergenstamm 
1891. There are probably ecological differences and a disparity in climatic tolerance 
between pascuorum and prolapsa. 

Distribution. Holarctic; southern France to Denmark (Michelsen, 1977) to Assam 
(Pont, 1975) and Kamchatka (Draber-Moniko, 1966b). In North America from Georgia 
to South Dakota and Quebec (Huckett, 1965b). 


Muscina stabulans (Fallén) 
(figure 15i—1) 


Ovum. Figured by Séguy (1923) but undescribed. About 151 ovarioles (Lobanov, 
1977a). 

Larva. Séguy figures the cephalopharyngeal skeleton of all three instars but these 
are inadequate for detailed comparison with Keilin’s figures of levida, and the species 
are evidently extremely similar in all details. According to Zimin (1948) the species 
may be separated only in the third instar by the less protuberant para-anal papillae of 
Stabulans, Length up to 15mm. 

Puparium. Reddish to blackish, semitranslucent to opaque, strongly parallel-sided 
medially with ends equally abruptly rounded; first abdominal segment parallel sided or 
very slightly broadened so that body is marginally widest across distal half of 
abdominal segment 3. Surface closely shagreened. Ventral abdominal welts 2—7 very 
coarscly spiculate, that on segment 1 much less so and no spicules visible dorsally on 
any segments; caudal segment with at most slight rugosities around perispiracular field. 
Anal region often with conspicuous papillae but without visible para-anals; 4—6 
prospiracular lobes; anal spiracles shining black with yellowish slits usually strongly 
angularly bowed. Pupal horns absent or very short, shining black. Length 5.75— 
7.8mm. An.sp. 0.13 0.18mm. Ceph.skel. (0.24:0.17:0.63) -(0.29:0.21:0.78) = 
0.96— 1.19 mm. AB = 0.023 (n = 7) Cocoon about 9-10 mm. 

Material examined. 26, 22 with 2 puparia and 2 empty cocoons, Canberra 
(Australia), 4.xi.77, reared cx dung in insectary, J. Walker (ANIC); 3d, 3° with puparia, 
Tilardn, Guanacaste Prov. (Costa Rica), 7.xi.79, coll. Papaya (TU); 26 with puparia, 
Peddie distr. Gibralter Rock Poultry unit (South Africa), 33.24 S, 27.07 E., 4.xi.78, 
P.E. Hulley (RU). 

Biology. In temperate regions overwintered females lay about 150—200 eggs in 
batches of about 8--10 in springtime (Séguy, 1923). The larvae prey heavily on those 
of Musca domestica, killing far more than they consume (Hewitt, 1914) and may 
drastically reduce housefly populations (Siverly & Schoof, 1955c), but they also 
devour many other insect larvae (Calliphora, Lucilia, Ceuthorrhynchus quadridens 
Panzer). M. stabulans is nearly as eurytopic as Musca domestica: as well as the 
excrement of birds (especially poultry (Coffey, 1966)) and animals (including humans) 
and corpses, it has been reared from living plants (radishes, cabbages etc.) and animals 
(including nestlings, sheep and humans). The larvae can produce serious ulceration on 
the living tissue of chordates, since live and dead tissues are equally acceptable to the 
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larvae (Hewitt, |.c.). Greenberg (1971), Hennig (1962) and Draber Moriko (1966a) give 
records of stabulans from many insect larvae (esp. Lepidoptera), whilst Dr M.D. Speight 
showed me puparia of this fly from a 13th century drain in Plymouth and from the 
shroud of a Saxon monk, buried in Oxford about 1100AD. Very rarely reared from 
fungi, Hackman & Meinander (1979) record it only from Lecanum carpini. 

Dely-Draskovits & Mihdlyi (1972) reared this from Leccinum griseum, Amanita 
aspersa, Agaricus bernardit and Russula rosea, adults occurring from July to 
November. | 

Since stabulans is an important controller of fly populations and is partially canni- 
balistic, it is probably, on balance, beneficial to man at least in temperate regions. 
Greenberg (l.c.) regards it as eusynanthrope which, under more primitive hygienic 
conditions is a communicative endophile capable of transporting numerous pathogens. 
However, whilst in temperature regions the adults often occur on walls of human 
habitations, they are intolerant of shade and seldom enter buildings. Teschner (1959) 
found that only 2.9% of flies trapped in houses belonged to this species and my experi- 
ence suggests a lower proportion in Britain. Park’s (1977) data for South Korea are 
very similar and support the principle that this common cusynanthrope is highly 
heliotropic in temperate regions. However, Greenberg (1.c.) asserts that in hotter areas, 
stabulans is more shade-tolerant. Contamination of human food by stabulans is most 
likely to occur in temperate regions where it is openly exposed in direct sunlight, and 
wounds similarly exposed may lead to myiasis. Whilst in temperate regions females 
overwinter, I have also found live puparia in manure heaps in late November in northern 
England where the flight period extends from April to June and August to early 
November. Adults fall to the Fly fungus (Entomophthora muscae), numerous predatory 
insects and nymphs of the mite Araetus muscarum (L.), whilst larvae are parasitised by 
the Hymenoptera Figites, Stilpnus, Alysia, Spalangia, Muscidifurax, Pachycrepoideus, 
Nasonia, and Stenomalus (Séguy, 1.c.; Otten, 1940; Hennig, I.c.; Greenberg, l.c.) For 
further biological data see Ilennig and Greenberg. 

Distribition. Cosmopolitan, spread by commerce to countries as far apart as Chile, 
Fiji, New Zealand, Tristan da Cunha, Alaska and Iceland. Introduced into Fiji in 
potato sacks from Ireland (specimens in BMNH) and the only Icelandic record 
(Neilsen et al., 1954) was of specimens from potato sacks in Akureyri harbour. 
Lempke (1962) records stabulans on a North Sea lightship 70 km from land. The 
original home of this fly is uncertain but throughout range it is highly eusynanthropic 
(see Teschner, I.c., Kirchberg, l.c., and Gregor & Povolny, 1958, for Central Europe, 
Meng & Winfield, 1951 for China; Park, I.c., for South Korea; Zumpt & Paterson, 1952 
for South Africa). Towards the edge of its range it is very sporadic even in permanent 
human settlements. Thus in Britain it is unknown north of the Scottish Lowlands, 
whilst Huckett (1965a) gives only three records for the vast area of boreal & sub- 
boreal North America which he treats. 
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Genus Calliphoroides Hutton 
Calliphoroides antennatis Hutton 


Ovum. Hennig (1965) figures the ovum which resembles Muscina in outline. 

Affinities. According to Hennig (l.c.) probably most closely related to the 
Neotropical Reinwardtia tachinina Brauer & Bergenstamm and to Muscina and 
Synthesiomia. 

Distribution. New Zealand. 


Genus Synthesiomyia Brauer & Bergenstamm 


Synthesiomyia nudiseta (Wulp) 
(figure 16) 


Ovum. Very like Muscina with chorion reticulate between hatching pleats. Length 
1.3mm. 

Larva. Trimorphic facultative carnivore. Instar 1: ventral abdominal welts strongly 
spiculate. Papillae of anal region well developed but only postanal spiculate. Cephalo- 
pharyngeal skeleton very similar to Muscina but mh shorter and blunter, without the 
very strong sub shown by Keilin (1917) for levida. Length 1.5-3.0 mm. Instar 2: very 
similar to Muscina differing in relatively longer hs, distinct pas (according to Siddons & 
Roy, 1942), pronounced nes and strong dorsal tooth on pre. Length 3—7 mm. Instar 
3: head with conspicuous sub on front margin of oral cavity, 3 on each side, darkly 
pigmented, papilla-like, blunt-tipped and with a few adjacent translucent ones. Inner 
walls of oral cavity with very distinct cut on each side bordering lower edges of 08. 
Meso- and metathorax with complete anterior spine bands comprising 6--8 transverse 
serrate rows and abdominal segments 1—3 or 4 with similar complete bands (or on 4 
broadly interrupted dorsally). Ventral abdominal welts 2-7 each with 2 rows of larger 
black-tipped spicules followed by 1—2 rows of similar but smaller ones and finally 1—2 
rows of tiny serrations. Preanal welt with 4—5 rows of large spicules preceded by 
2—3 serrate rows. Anal region extensively and coarsely spiculate with conspicuous 
post-, sub-, para- and extra-anal papillae of which the para-anals are much the largest. 
Anal plate triangular. Body smooth and glossy except for caudal segment which is 
entirely matt, 6 larger perispiracular tubercles and 2 smaller ones between lower pair. 
4—7 prospiracular lobes. Anal spiracles somewhat larger than in Muscina, strongly 
rounded, blackish and separated by about width of one; slits serpentine, radiate 
around median scar. 

Cephalopharyngeal skeleton very like Muscina but with vestigial mac. Mh sym- 
metrical, closely adpressed, ds fused. Sub stronger than in Muscina and cut conspicuous. 
According to Siddons & Roy a supplementary pair of ace present in near-mature larvae. 
Length 7—19.5 mm. An.sp. 0.23—0.27 mm. (# = 26). 


63 





Lele 
=e 


WFLA 


ea 909 29? To POP LE 
wal mak my DFS 


oh DT mat 





Figure 16. Synthesiomyia nudiseta: a, oral sclerites of mature larva; b, head of mature larva 
(lateroventral view); c, same (ventral view); d, detail of spiculation on ventral abdominal welt of 
same; e, caudal segment (lateral view); f, same (ventral view); g, caudal segment of puparium 
(ventral view); h anal spiracle of same. (Scales: a, b, c 0.10mm; d, h 0.24mm; e, f, g 0.61 mm) 
(Orig.). 


Puparium. Similar in shape to Muscina, brownish red and Jacking external pupal 
horns. Length 7-8 mm. An-sp. 0.22—0.24 mm. Ceph-skel. (0.28:0.16:0.80) = 1.24 mm. 
AB = 0.030—0.031 (# = 2). Puparium enclosed in dirty whitish cocoon. 

Material studied. 11 larvae, 1 puparium, Houston, Texas, 24.xi.41 (A.S.A. Chand- 
ler); 20 larvae, Kissinum Prairie, Florida (U.S.A.) 2.iv.29, ex thoracic and abdominal 
cavity of Limpkin (Aramus pictus); 5 larvae reared from dead bat, Cuba, 1958 (G. 
Silva Taboada) (USNM); Id with puparium, no locality (McM). 

Biology. Siddons & Roy reared nudiseta on rotten meat in a Calcutta laboratory. A 
female laid 255 eggs on 20 August 1933, the larvae hatched 24 hours later and a day 
later they reached the final instar. The semi-carnivorous larvae fed just below the 
surface of the meat, not burrowing deep like Chrysomya and Sarcophaga with their 
recessed anal spiracles. The mature mudisera larvae burrowed into the ground and 
exuded a frothy whitish salivary fluid which solidified to form a cocoon upon which 
debris adhered. The life cycle took 15 days, larval and puparial stages each taking 
about 7 days. 
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Siddons & Roy give a wide range of recorded larval pabula including kitchen refuse 
containing prawn remains, decaying cotton seed, dead locusts, faeces and mammalian 
corpses including human cadavers. Buxton & Hopkins (1927) found that in Hawaii 
where nudiseta is common in carrion, it invades at the Sarcophaga stage (i.e. in the 
second wave in Easton & Smith’s (1970) terminology), developing slowly to pupariate 
with the late arrival of Ophyra spinigera (at the end of Easton & Smith’s fifth wave). S. 
nudiseta thus colonises carrion rather later than Musca, Calliphora and Muscina 
stabulans which arrive soon after death of the host. Bohart & Gressitt (1951) suggest 
that nudiseta is mainly necrophilous, and thus closest ecologically to M. prolapsa. Like 
Muscina stabulans the adults are sun-lovers and are infrequently encountered indoors. 

Greenberg (1971) summarises the medical significance of this species which has 
been recorded as an agent of human myiasis (Coia, in Aubertin & Buxton, 1934). 

Lnemies of nudiseta larvae include Psilodora and Alysia ridibunda Say (Braconidae), 
Brachymeria fonscolombei (Chalcididae) and Nasonia (Pteromalidae) (Hennig, 1964). 
Lius de Almeida (1933) lists it as a carrier of the eggs of the South American human 
warble, Dermatobia hominis. Bohart & Gressitt suggest this fly may transport 
Dermatobia hominis larvae. 

Affinities. S. nudiseta is very closely related to Muscina differing mainly in various 
details of larval and adult morphology and in its tropical distribution. A very unusual 
and archaic feature of the second instar larva is the distinct parastomal sclerite (see 
Siddons & Roy). 

Distribution. Tropicopolitan between the 20°C annual isotherms. 


Genus Passeromyia Rodhain & Villeneuve 
(figure 17-19) 


Ova. Phaonia-type (sce under P. heterochaeta). 

Larvae. Trimorphic saprophages or haematophages. Cuticle very extensively 
spiculate. Instar 1: chiefly remarkable for the 6 extremely long perispiracular filaments. 
Cephalopharyngea! skcleton undescribed. Instar 2: cephalopharyngeal skeleton similar 
to Synthesiomyia but with more highly sclerotised oral sclerites. Instar 3: body 
showing many external differences from Synthesiomyia and Muscina, haying wide 
anterior bands of minute spicules on all segments, median protuberances on abdominal 
segments |—7, anal region strongly produced and much modified, lacking the normal 
papillae and without enlarged spicules on the ventral welts; 4—6 prospiracular lobes. 
Anal spiracles very large, slits U-shaped, convergent upon the near-dorsal scar. 

Cephalopharyngeal skeleton similar in general to Synthesiomyia and Muscina, 
differing most notably in the very widely spaced, symmetrical ms and ds and the 
reduced, inflated ob(?). Length up to 16 mm. 

Puparia. Easily recognised by the large size, dense spiculation and highly charact- 
eristic anal spiracles. Usually enclosed in cocoons. Length 6—9.75 mm. An.sp. 0.17— 
0.28 mm. Ceph. skel. 1.27—1.40 mm. AB = 0.022—0.037. 

Biology. The larvae are well-known inhabitants of birds’ nests where they range 
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Figure 17. Passeromyia heterochaeta: a, first instar larva; b—f, anterior end of mature larva 
showing. b, lateral view; c, ventral view; d, detail of spiculation of mesothoracic spine band, e, detail 
of spiculation of section (as indicated) of anterior spine band of abdominal segment 2; f ventral 
view of head and prothoracic spine band; g—j, caudal segment of same larva showing: g, lateral 
view; h, detail of spiculation on dorsal surface; i, posterior view; j, anal region; k, anal spiracle of 
same, (Scales: b, c 1.2mm; d, e, f, h, k 0.24mm; g, i, j 0.61 mm) (a, after Rodhain, 1914, rest 
orig.). 
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from saprophagous scavengers to subcutaneous bloodfeeders, attacking mainly the 
nestlings. If the host dies the immature larvae become necrophagous and pupariation 
follows amongst the nest material as usual. Pont (1974a) gives host lists for all species. 

Affinities. Pont (I.c.) discusses the systematic position of the genus, noting that its 
relationship with Muscina has been recognised since Villeneuve described the type- 
species (heterochaeta) as a member of that genus. He also draws attention to the 
similarity between Passeromyia and Philornis, which differ chiefly in the hairy 
pteropleuron. The many close parallels between these two genera in larval morphology 
also suggest that the two genera may indeed be closely related. Both genera exhibit the 
same range of larval habits, Passeromyia being restricted to the Old Worid and Philornis 
to the New. 

Townsend (1935) includes Passeromyia in the Hemichlorini with Hemichlora, 
Synthesiomyia and Ochromusca. 

Distribution. Old World, mainly tropical. South Africa to southeast Asia, eastwards 
to Australia and the West Pacific. 


Passeromyia heterochaeta (Villeneuve) 
(figures 17—18) 


Ovum. Milky white with broad hatching pleats and about 9 longitudinal ventral ribs. 
One end more acuminate than other (figured by Rodhain, 1919). Length 1.0— 
1.25 mm. 

Larva. Instar 1: the 6 extremely long filamentous perispiracular processes on the 
caudal segment render first instar Passeromyia larvae unmistakable. Instar 2: cuticle 
extensively clothed in minute dark spicules except on head and prothorax. Perispira- 
cular processes distinct, acutely pointed (about 0.06 mm long) but lacking the terminal 
hair found in first instar. 

Cephalopharyngeal skeleton massive and very heavily sclerotised; mA short, strongly 
uncinate, ms very elongate with strong mac and spiniform anteroventral corner 
appearing as ventral subapical hook immediately behind mh; Hs very elongate with 
strong porrect dorsal spinose tooth; Ph with very narrowly translucent floor and 
conspicuous fenestra in pdc. Length of larva about 5.5mm (” = 2). Instar 3; cuticle 
appearing smooth and matt to naked eye but all segments except anal plate and peri- 
spiracular field, extensively spiculate. The spicules forming the anterior spine bands are 
larger and darker than those covering the rest of the body, especially towards the front 
end of the body where the spine bands appear to be narrower and more clearly defined. 
Spicular differentiation more marked than in second instar. Abdominal segments 1-7 
with a transverse row of 6 ventral tubercles across the middle of each segment, between 
the hind edge of the anterior spine band and the hind margin of the segment. Anal 
region unusually strongly protuberant with small bulbous anal plate bearing a pair of 
small rounded papillae; behind anal plate a pair of distinct papillae (para- or subanals?). 
Perispiracular field depressed, its surface devoid of fine spicules and its outer edges 
marked by the perispiracular processes which throughout the final instar become 
decreasingly apparent; 6 prospiracular lobes. Anal spiracles large, separated by about 
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Figure 18. Passeromyia heterochaeta: a, cephalopharyngeal skeleton of second instar larva; b, 
cephalopharyngeal skeleton of mature larva (ventral view of example pressed under cover slip to 
show opposing sets of sclerites — note fracture in ventral arches of oral sclerites and hypopharyn- 
geal sclerites resulting from pressure on specimen during compression); c, lateral view of same; d, 
posterior view of puparium; e, caudal segment of puparium (ventral view), f, anal spiracles of 
puparium. (Scales: a—c 0.24 mm; e, f 0.3 mm) (Orig.). 
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width of one, orange on disc with broad black peritreme and pale orange, sinuate to 
bowed slits convergent upon the supramedian scar. 

Cephalopharyngeal skeleton very heavily, nearly uniformally sclerotised, the 
pharyngeal floor obviously, though narrowly, translucent with obscure sr; dorsal and 
posterior edges of pde slightly paler, with faint reticulate pattern; Mh strongly curved, 
ms subquadrate with strong mac, symmetrical, widely separated; Ds separate, ob very 
short, inflated, pale orange and appearing more like papilla on inner wall of oral 
opening. Oral margin anteriorly with 4 small groups of distinct sub, ar absent; Hs as in 
second instar but relatively less elongate and between upper edges are a pair of very 
slender rods which may be atrophied pas found so widely in non-muscid Calyptrates. 
Length up to about 16 mm (” = 12). 

Puparium, Dark red, subopaque, more or less coarsely transversely striate; caudal 
segment irregularly rugose-corrugate with 6, often obscure, elongate perispiracular 
processes. Cuticle covered with minute dark spicules except for narrow median zone 
around each segment free of these or nearly so. Anterior spine bands complete, with 
larger spicules (up to ca. 0.03 mm long) on all surfaces; ventral abdominal welts not 
clearly differentiated. Anal plate subcircular, more finely and closely corrugate than 
surrounding areas. Length 9.45—9.75 mm. An.sp. 0.25—0.28 mm. Ceph. skel. (0.27: 
0.31:0.90)—(0.28:0.32:1.07) = 1.30-1.48mm. AB=0.026—0.029 (n=2). NB. 
According to Cuthbertson (1935) puparium 8.5—9.5 mm, cocoon 10—12 mm. 

Material studied. 12 larvae, no locality, iii.77, ex domestic pigeon, G. Hoy (P. 
Ferrar); 29 with puparia, Johannesburg, Transvaal (South Africa), xii.53, ex nest of 
Lanius collaris L., leg. Paterson (CAS). 

Biology. The biology is dealt with in detail by Rodhain (1914, 1919) and Rodhain 
& Bequaert (1916), and an up-to-date synopsis of the literature is given by Pont 
(1974a). 

The eggs, which are laid in batches of 12—17 in birds’ nests occupied by fledglings, 
hatch in 2—5 days and the young larvae immediately burrow through the fledglings’ 
plumage until they reach the skin. They then pierce the skin to suck the blood of their 
hosts, the very long caudal hairs, it is suggested by Rodhain, serving to anchor them to 
the hosts’ feathers. Throughout larval life they feed in this manner, until, after some 
20 days, they retire, fully mature, to the nest material where they cocoon and 
pupariate. {2-14 days later the adults emerge and females are ready to lay a week or 
so after emergence. Numerous bird species are affected but Passerines are especially 
favoured. Amongst the non-Passerine species Pont lists Aquila rapax and Polemaetus 
bellicosus (Falconiformes), Colius striatus (Coliiformes) and Dendropicus fuscescens 
(Piciiformes). Whilst the larvae feed mainly on blood of live birds, they will continuc 
to feed on fluids exuding from dead ones, a useful adaptation since very heavy 
infestations often lead to the death of the host. Adults are much less frequently 
encountered but they have been taken at rotting fruit, light traps and in buildings. 
Rodhain (1919) found large numbers in Tanzania on the trunk of a shrub infested 
with Coccids. 

Affinities. The only Afrotropical Passeromyia, this differs from its congeners in 
having tessellated tergites. 
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Distribution. Afrotropical-Oriental; Cape Province (South Africa) to Senegal, 
Nigeria and Kenya, and in southeast Asia from central India to Taiwan and Sumatra. 


Passeromyia indecora (Walker) 
(figure 19a—g) 


Larva. Instar 2: dirty pinkish, almost entirely clothed in tiny blackish brown 
spicules but with those making up the anterior spine bands much larger and multi- 
seriate on dorsal and ventral surfaces, only the crests of the ventral abdominal welts 
and an oval area level with the ventral pairs of muscle scars on each abdominal segment 
being devoid of spicules. Caudal segment with extremely fine universal covering of 
spicules; perispiracular processes longer than in P. steini; 5 prospiracular lobes. Length 
5.0mm. An.sp. 0.05 mm. Ceph.skel. (0.16:0.15:0.45) = 0.71 mm (” = 2). 

Puparium, Light red, opaque and without distinct segmentation, surface with close 
set transverse wrinkles and very fine dense spicules covering whole body surface but 
with band of spicules twice as large as remainder forming anterior spine bands on 
meso- and metathorax, and abdominal segments 1—3 (where they are faintest). On 
succeeding segments these spicules only occur on ventral surface, and even then only 
sparsely, so ventral abdominal welts ill-defined. No discernible papillae around peri- 
spiracular ficld and boundaries of anal plate very obscure, marked with two small 
papillae beside anus. (NB. One specimen with 2 tubercles above the perispiracular 
field, perhaps the remnants of the usual perispiracular series.) 5—7 prospiracular lobes. 
Anal spiracles as in heterochaeta. No discernible pupal horns. 

Cephalopharyngeal skeleton very like heterochaeta but ob more weakly sclerotised 
and sm obscure. Length 6.9-9.0mm. An.sp. 0.17—0.20 mm. Ceph.skel. (0.27:0.23: 
0.85)—(0.30:0.25:1.01) = 1.27—1.40 mm. AB = 0.022—0.028 (n = 7). 

Material studied. 2 second instar larvae, Booligal, New South Wales 13.x.81, ex 
nostrils of Red-capped Robin, S.C. Tideman (BMNH); 7 puparia, Marrar, New South 
Wales 23.xii.59 and Corella River, Queensland (Australia) 26.x.72, ex nest and young 
of Fairy Martin (Hydrochelidon ariel Gould) in both localities, A.L. Dyce (ANIC). 

Biology. Pont (1974a) suggests that biological data given by Gilbert (1919) and 
Ifindwood (1930) for P. longicornis (Macquart) probably refer mainly to this species. 
The eggs are laid under wings of nestlings and the young larvae bore through the skin 
of their hosts to feed subcutaneously on blood. The entire larval life is spent in this 
way and if the host dies they continue to feed upon the corpse. Larval life lasts about 
6 days and pupariation occurs in the lining of the nests or beneath them. Infestations 
are often fatal for the host, and heavy infestations are common, especially during the 
cooler times of year. A Mormoniella species (Pteromalidae) attacks the puparia of this 
species and P. steini. The puparial stage lasts some 15 days. Adults have been taken in 
Malaise traps, light traps, and on windows, but like other Passeromyia species it is the 
earlier stages that are more often encountered. Apart from a record from Centropus 
(Cuculiformes) this appears to be recorded only from the nestlings of a wide range of 
Passerines (Pont, l.c.). 

















Figure 19. Passeromyia indecora: a, cephalopharyngeal skeleton of second instar larva; b, 
cephalopharyngeal skeleton of mature larva (from puparium); c, posterior view of caudal segment 
of second instar larva; d, puparium (dorsal view); e, detail of spiculation of anterior spine band of 
abdominal segment 3 of puparium; f, anal spiracles of puparium; g, detail of anal spiracle of same; 
P. steini: h, cephalopharyngeal skeleton of second instar larva; i, second instar larva (dorsal view); j, 
head and thoracic segments of same (ventral view); k, ventral abdominal welts on segments 5 and 6 
and I, anal region of mature larva; m, anal spiracles of mature larva; n, anal spiracles of puparium; o, 
detail of spiculation of anterior spine band on abdominal segment 3 of puparium. (Scales: a, b, e, f, 
h, j, 1, m,n, o 0.24 mm; c, i, k, 0.61, d 1.0 mm, g 0.19 mm) (Orig.). 
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Affinities. This species has been confused with P. longicornis (Macquart) which is 
only known from Tasmania (Pont, 1974a). The oral bars are evidently more weakly 
sclerotised in this species than in other Passeromyia: Ferrar (pers.comm.) has found them 
in specimens which he has dissected but I was unable to find them in any | examined. 
Perhaps their weak development is related to the fecding habits since this is the only 
known Old World muscid whose larvae are obligative subcutaneous haematophages. 

Distribution. Australia; Perth to Cairns (Queensland) and Canberra; commonest in 
the southeastern parts of range and replaced in Tasmania by P. longicornis. Also 
recorded from Fiji. 


Passeromyia steini Pont 
(figure 19 h—o) 


Ovum. Undescribed but up to 65 ovarioles. 

Larva. Instar 3: several Passeromyia \arvae tentatively referred to P. steini but 
perhaps belonging to a distinct, undescribed species possessed the following characters: 
dull cream, matt, with darker gut, complete spicular bands on thoracic segments and 
abdominal segments | and 2; on succeeding segments with spicules restricted to ventral 
welts, about 5 rows on front slope and about 10 on back slope of welts 2—7; pre-anal 
welt with about 10 rows; caudal segment extensively spiculate except in perispiracular 
region and most of ventral face except for a small postanal patch (in some specimens). 
Spicules throughout of uniform minute size and caudal segment with perispiracular 
processes very small; oral region as in P. heterochaeta but without distinct darkened 
marginal papillae; 4—5 prospiracular lobes. Length up to 13 mm (# = 7). 

Puparium. Light reddish to ochreous, matt and opaque with anterior margins of 
meso- and metathorax and abdominal segments 1—8 with broad band of pale spicules 
but these, whilst less distinct than in indecora, appear as serrate rows rather than as 
discrete spicules. Cuticle in addition with a sometimes barely visible uniform vestiture 
of tiny pale spicules. Perispiracular region with 6 long slender processes of which only 
the stumps may remain, 6—7 prospiracular lobes. Anal spiracular slits arranged in a 
U-shape. Pupal horns externally visible though minute (0.05—0.07mm). Length 
6.18-8.06mm. An.sp. 0.23—-0.27mm. AB =0.033—0.037 (n = 8). Cocoon about 
12mm. long. 

Material studied. 8 puparia, Midland, W.A. (Australia), J. Rawley, ex Galah’s nest 
(ANIC). (NB. One of these puparia was enclosed in a cocoon covered with nest debris 
and fledgling feathers; and contained a chalky deposit inside); 7 larvae, Maggaté (Papua 
New Guinea), 27.iii.80, ex nestling (BMNH). 

Biology. Hindwood (1947) states that this breeds in nests where it feeds on excreta, 
food particles and on dead nestlings. The puparial stage lasts up to 28 days. The 
puparia are parasitised by pteromalid and the species is also preyed upon by Necrobia 
ruficollis (F.). According to Pont (1974a) this species has mainly been found associated 
with birds other than Passerines, namely Coraciiformes (Dacelo and Merops), 
Psittaciformes and Strigiformes. Adults have occurred at plant exudations, citrus fruits 
and in houses. 
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Affinities. The least specialised member of the genus and the only one not known to 
be haematophagous in the larval stage. The Papuan larvae differ from the stein? puparia 
in spiculation and number of prospiracular lobes and may belong to a distinct species. 

Distribution. This species bridges the gap between the ranges of the last two, 
ranging from South India to the Philippines, southwards to Victoria (southeast 
Australia) and the New Hebrides. 


Genus Philornis Meinert (Neomusca Malloch) 
(figures 20—24) 


Ova. See under falsificus. 

Larvae. Trimorphic saprophagous or haematophagous. Only one species is well- 
known in the larval stage (see P. torquans). For general external morphology see figure 
24 of porteri Dodge (USNM). 

Puparia. Of generalised form but caudal segment varying from evenly convex, so 
that spiracles clearly visible in profile, to very deeply cupulate in the perispiracular 
region. Body almost uniformly spiculate or, more often, with complete anterior 
spicular bands around all segments and caudal segment usually wholly spiculate; 
spicules on ventral abdominal welts not enlarged. Prospiracular process very rarely 
exerted, usually appearing as a barely convex callosity beset with paler tubercles 
representing the prospiracular lobes. Anal spiracles large with slits curved to highly 
tortuous, basically radiate around a median scar (dorsal in P. falsificus). 

Cephalopharyngeal skeleton of typical reinwardtiine type but with ob absent or 
papilla-like (see angustifrons), ms, ds and hs symmetrical and remote (as in 
Passeromyia) and ph often unusually broad in relation to length. Length 6.06— 
11mm. An.sp. 0.33~—0.58 mm. Ceph.skel. 0.86—1.70 mm. AB = 0.030—0.071. 

Biology. Most known larvae are subcutaneous haematophages on nestling birds, less 
often on adults. Some live externally on the skin of their hosts and a few are 
saprophagous nidicolous scavengers; one species (vespidicola) has only been recorded 
from a wasp’s nest (Dodge, 1968). The subcutaneous species form tumours on their 
hosts and are characterised by their cupulate anal spiracular field. As far as is known, 
the puparia are always contained in frothy cocoons. It is not certain whether the 
adults are viviparous or oviparous. 

Affinities. I am placing Philornis close to Passeromyia because it appears incon- 
ceivable that the many similarities between these two genera should be due merely to 
convergence. The same range of larval habits is found in both genera, but elsewhere in 
the Muscidae parasitism of birds is unknown except in Muscina and Synthesiomyia 
where it is of a purely casual nature. On the basis of larval biology and larval/puparial 
morphology, Philornis can be divided into three groups, namely the aitkeni, falsificus 
and angustifrons groups. Of these the last is numerically by far the largest and includes 
external bloodfeeders like downsi and subcutaneous ones like angustifrons, but the 
nest scavengers like aitkeni and falsificus are presumably the most primitive members 
of the genus. 

Distribution. Neotropical: Argentina and Chile northwards to Florida and Texas. 
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Figure 20. Philornis aitkeni: a, caudal segment of puparium (lateral view); b, anal spiracles of same; 
c, anal region of same (ventral view); d, prospiracular process of puparium; P. falsificus: e, cephalo- 
pharyngeal skeleton from puparium; f, caudal segment of puparium; g, anal spiracles of puparium; 
h, i, details of spiculation and surface sculpture of puparium: j prothoracic spiracle of puparium. 
(Scales: a 0.61 mm, b--e. g--j 0.24 mm) (Orig.). 
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Group 1: aitkeni group 


Philornis aitkeni Dodge 
(figure 20, a—d) 


Puparium. Opaque, matt, light brownish-orange with caudal segment evenly 
rounded behind, anal spiracles thus clearly visible in lateral view. Abdominal spine 
bands extend broadly over dorsal surface of segment 1—4 or 5, ventrally and laterally 
on segments 1 and 2 comprising about 22 rows of uniformally minute spicules. Similar 
spicules encircle the anal plate and extend over entire caudal segment including the 
immediate vicinity of the spiracles. 5-7 prospiracular lobes mounted on obviously 
raised process. Anal spiracles massive, shining black, separated by about the width of 
one, slits arcuate, C to V-shaped; scar median. 

Cephalopharyngeal skeleton with pA strongly sclerotised but more transparent 
along ventral and dorsal edges. Length 6.06—-6.08 mm (probable range 5.25—7.25). 
An.sp. 0.33—0.43 mm. Ph 0.84—1.22mm (dimensions of mh and hs not known). 
AB = 0.054—0.071 (n = 3). 

Material studied. 3¢ Paratypes with puparia: Vega de Oropouche (Trinidad), 
21—23.iv.58, ex nest of Galbula ruficauda, T.H.G. Aitken & W.G. Downs coll. (USNM). 

Biology. According to Dodge (1963) the larvae are purely coprophagous, living in 
the subterranean nests of the Rufous Tailed Jacamar (Galbula ruficauda Cuvier) in 
Trinidad. He records that Aitken reared 300 larvae from a single nest, on a mixture of 
chicken and wild bird droppings in the laboratory, so it probably affects other bird 
species in nature. 

Affinities. According to Dodge the aitkeni group is characterised by the unusually 
wide female frons and the near holoptic eyes of the male with their enlarged upper 
facets. In this group he includes 5 other species — schildi Dodge (Costa Rica), fasciven- 
tris (Wulp) (Mexico), rettenmeyeri Dodge and zeteki Dodge (Panama), and setinervis 
Dodge (Rio de Janeiro, Brazil). Dodge & Aitken (1968) separate the puparium of 
aitkeni from all other known Philornis puparia on the exserted thoracic spiracles and the 
absence of a perispiracular depression on the caudal segment, features probably related 
to the purely coprophagous larval habits. It is not yet known whether other members 
of the aitkeni group share these characters. Presumably this group is the most primitive 
section of the genus. According to Dodge, aitkeni, is the smallest Philornis species. 

Distribution. Only known from Trinidad, but, as mentioned above, its close 
relatives range from Mexico to Rio de Janeiro. 


Group 2: falsificus group 


Philornis falsificus Dodge & Aitken 
(figure 20, e—j) 


Ovum. According to Dodge & Aitken (1968) the hatching pleats are in the form of 
inflated longitudinal lines. Length 1.25 mm. 
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Larva. Dodge & Aitken (1968) state that the larvae are characterised by the sloping 
hind face of the caudal segment. 

Puparium. Very large, blackish red, opaque and quite dull due to very dense micro- 
sculpture of tiny close-set granules separated by duller interspaces. On the dorsal and 
lateral surfaces the segmental margins have many rows of tiny recumbent spicules 
arranged in densely serrate series running parallel to the front margins; ventrally these 
serrate rows are less restricted to the front margins but form a reticulate pattern which 
over the ventral and lower lateral surfaces has a predominantly longitudinal accentu- 
ation. Similar more ordered serrate rows in the perispiracular region of the caudal 
segment appear to be more distinct due to virtual absence of the tiny raised granules. 
Caudal segment smoothly rounded behind, without perispiracular folds, spiracles thus 
clearly visible in lateral view. 9—11 prospiracular processes appearing as pale lenticular 
tubercles on a rounded blackened, barely elevated patch. Anal spiracles slightly dorsal, 
of very unusual form having the scar dorsal and the horizontal axis greatly exceeding 
the vertical; slits extremely tortuous. 

Cephalopharyngeal skeleton of unusual form having the dorsal part of the ph very 
deep and nearly uniformally intensely sclerotised, paler only on the lower edges of the 
pve and pdc where a slight reticulate pattern is visible. Length 10.5—10.9mm. An.sp. 
0.53—0.58 mm. Ceph.skel. (0.34:0.34:1.30) = 1.70 mm. AB = 0.050—0.053 ( = 2). 

Material studied. 19 Paratype with puparium, Cuneripo (Trinidad), 10.vi.59 (T.H.G. 
Aitken, W.G. Downs) ex nest of Crotophaga ani (CAS); 19 allotype, same data 
(USNM). 

Biology. Larvae develop extracutaneously on nestlings of Crotophaga ani, Amazona 
amazonica and Otus choliba (Dodge & Aitken, l.c.). 

Affinities. Dodge & Aitken state that the chief peculiarities of this species, the 
largest known member of the genus, are the larval habits and the unusual form of the 
puparium, with its highly distinctive anal spiracles, caudal segment and thoracic 
spiracles. The most distinctive adult features are the rather broad cheeks and 5 
scutellar marginals. 

Distribution. Costa Rica to Trinidad and Ecuador (Pont, 1972c). According to 
Dodge & Aitken it also occurs in Peru but no locality recorded. 


Group 3: angustifrons group 


Philornis downsi Dodge & Aitken 
(figure 21, a—c) 


Puparium. Light to dark reddish, matt, with entire surface, except for narrow 
median band around each abdominal segment, covered in spicules arranged in a 
reticulate pattern and especially distinct on the smooth, shining concave perispiracular 
field; spicules of uniform size, concolourous. Postspiracular segment with a 
conspicuous strongly raised carina encircling the cupulate perispiracular field, 
occasionally with several irregular folds running out from it for a short distance but 
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Figure 21. Philornis downsi: a, cephalopharyngeal skeleton from pupatium; b, caudal segment of 
puparium (lateral view); c, part of same showing anal spiracles (posterior view); P. torquans: d—f, 
cephalopharyngeal skeleton of instars 1, 2 and 3 respectively; P. engustifrons: g, cephalopharyngeal 
skeleton from puparium; h-j, oral and hypopharyngeal sclerites in h, dorsal view, i. lateroventral 
view, j, posteroventral view; k, detail of spicules on integument of puparium:; |, perispiracular field 
of puparium (posterior view); m, anal spiracles of puparium (note that the configuration of the 
contortions of the respiratory slits differs in the spiracles shown — such variation is not unusual). 
(Scales: a—c, g—k 0.24 mm;1, 0.78 mm; m, 0.1 mm) (d-f after Nielsen, 1911, rest orig.). 
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without a broad rugose area anywhere on the caudal segment. S—6 propsiracular lobes 
arranged as in deceptivus. Anal spiracles blackish, rounded, separated by less than their 
own diameter, slits arcuate, U-shaped. 

Cephalopharyngeal skeleton as in deceptivus but paler on dorsal edge of pf and pve. 
Length 7.6—9.4mm. An.sp. 0.34—0.40 mm. Ceph.skel. (0.23; 0.19; 0.9)—(0.25, 0.20, 
1.00) = 1.34—1.45 mm. AB = 0.042—0.045 (n = 3). 

Material studied. 3 paratypes with puparia, incl. 19, Trinidad, El Reposa, Sangre 
Grande, 18.vi:58, pupa ex nest of Crotophaga ani (T. Aitken) (CAS); 16, Cunaripo 
R.C. School, 7.iii.57, ex Pitangus sulfuratus trinitatis (T.H.G. Aitken & W.G. Downs); 
16, $ mile mark Vega de Oropouche Rd., 4.iii.52, ex nest of Ramphocelus carbo 
marginirostris (W.G. Downs) (USNM). 

Biology. According to Dodge & Aitken (1968) the larvae are external parasites of 
the nestlings of the following birds: Cacicus cela, Pitangus sulfuratus, Turdus nudigenis, 
Ramphocelus carbo, Tyrannus melancholicus, Tachyphonus rufus, Cereba flaveola, 
Legatus leucophaius, Mimus gilvus, Molothrus bonariensis, Progne chalybea, Thraupis 
palmarum and Troglodytes musculus. 

Affinities. In the form of the caudal segment with its acute rim, this differs from 
other Philornis recorded from Trinidad but resembles mimicola and nielseni. Since it is 
an external parasite whereas nielseni is subcutaneous, the peculiar form of the caudal 
segment is presumably not related to larval habits. According to Dodge & Aitken the 
adult of P. downsi is unusual in its very dark colour. 

Distribution. Only known from Trinidad. 


Philornis torquans Nielsen 
(figure 21 d—f) 


Larva. Instar 1: body (excluding head) covered with spines which are especially 
numerous on dorsal surfaces distally; except on hind parts of abdominal segments | to 
8 the spines point rearwards. Anal spiracles with elongate atrium ending in 2 small 
knobs. Cephalopharyngeal skeleton with complex and well-developed mouth hooks, 
each consisting of one larger, sharper hook and 4 extra, smaller ones. Hs fused to 
anterior prolongation of the ph, but with ventral transverse bar and point of articu- 
lation with bases of mh. Length 1.5—1.75 mm. 

Instar 2: spinose vestiture more concentrated on front margins of thoracic and 
towards front and hind margins of abdominal segments, but orientation of spines as in 
first instar. Head with oral grooves beset with very tiny spines which form roof below 
which blood is channelled into the oral cavity during feeding. 5 prospiracular lobes. 
Anal spiracles with 3 oblong slits. Cephalopharyngeal skeleton reminiscent of Muscina 
but lacking dorsal accessory hooks; the extant hooks are conspicuously dilated distally 
whilst their bases are fused with sharply pointed elongate sclerites lying parallel to 
them (these appear to be dentate sclerites, length not stated). 

Instar 3: head with a few strong spines on each side of oral opening and some rows 
of much smaller spicules behind them. Thoracic segments with complete spine bands 
composed of numerous rows of spicules. Spine bands complete on anterior and 
posterior margins of abdominal segments 1-7 and spicules over entire surface of 
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caudal segment where they are arranged in short arcuate rows; ventral welts spiculate 
and laterally with some wart-like tubercles, which are also present on dorsal surfaces 
though only distinct on abdominal segment 6 and 7. Caudal segment obliquely 
truncate, with perispiracular concavity; 4 short prospiracular lobes and anal spiracular 
slits sinuate. Length up to 15 mm. 

Puparium. Ovate, broadest postmedially, smooth and shining with broadly rounded 
perispiracular rim. 

Biology. Nielsen (1911, as attomalus) believes that the females are viviparous, laying 
first instar larvae on the skin of nestlings. The mouth hooks of the young larvae are 
well suited to boring through the skin of the host to feed on the blood. A tumour 
develops as the second instar larva continues to feed, the specialised form of the 
mouthparts being ideally suited to cause irritation of the inner wall of the developing 
wound, thereby encouraging continual flow of blood. Typically only the perispiracular 
region of the maggot is visible externally, surrounded by the tumour which may have 
an outer diameter of 9mm. A single tumour may contain two maturing larvae and it 
was stated to be not unusual for a nestling measuring some 9 cm to have more than 
twenty maggots measuring 1.5 to 15 mm feeding upon it. The tumours may be on any 
part of the bird and not surprisingly death of the host normally follows, at least as far 
as nestlings are concerned. Adult birds are also frequently affected but whether 
fatalities are normal in adults has not been ascertained. The mature larvae leave the 
tumours to pupate but cocooning is not recorded in this species. Nielsen also notes 
that there is no apparent pustulation of the tumour such as is found in the case of 
infestation by nielseni, The puparial stage lasts 5 to 6 days. 

In common with many Philornis species this is not host-specific, having been 
recorded from Spermophila guttularis, Agelaus thilius, Homorus lophotes, Pitangus 
sulfuratus bolivianus and Mimus nodulator. Although nestlings are most commonly 
attacked, it has also been found to produce larval tumours around the anus of hen 
adults. 

Nielsen’s material was collected in December 1910 and January 1911 at Concepcion 
(Chile). 

Affinities. The first instar larva has a robust, heavily sclerotised cephalopharyngeal 
skeleton bearing a strong resemblance to a Sarcophagid, whilst the second instar 
armature is very like that of Passeromyia indecora or steini. 

Nielsen (1913) recognised that he had incorrectly referred his Chilean material of 
this species to anomalus Jaennicke from Cuba and he subsequently proposed the name 
torquans for his Chilean species. 

Distribution. Only known from Concepcion (Chile). 


Philornis nielseni Dodge 


Larva, Instar 3: according to Nielsen (1913, as anomalus) apparently similar to 
torquans but prospiracular process with 2 weakly raised knobs, anal spiracles less 
rounded, with more sinuate slits, and As with smaller dorsal tooth. Length up to about 
13mm. 
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Puparium, Nielsen states that this is quite different from torquans, being nearly 
cylindrical, slightly narrowed at ends, dull, and with caudal segment abruptly and 
broadly truncate, with a narrow acute rim encircling the wide perispiracular concavity. 
Length 7—8 mm. 

Biology. Nielsen’s descriptions were based on material from Bompland, Misiones 
(Argentina), where the larvae were found in tumours in the skin of Xiphocoloptes 
albicollis collected by J. Mogensen in January 1912 and 1913. Mogensen found that 
the tumours caused by this species were surrounded by a yellowish fatty substance and 
that the larvae upon maturing exuded a ‘bright’ fluid which hardened to form the 
usual frothy cocoon. Nielsen points out that in the appearance of the tumours and in 
the formation of cocoons, this species differs further from torquans. 

Affinites. The puparium most closely resembles that of downsi. 

Distribution. Only known from the type-locality in northern Argentina. 


Philornis mimicola Dodge 


Puparium. Opaque, reddish brown with caudal segment as in nielseni and downsi, 
having a strong perispiracular carina enclosing the cupulate perispiracular field. Anal 
spiracles separated by rather less than their own diameter, with slits simple, arcuate 
(C- or U-shaped) and a median scar. Perispiracular field shining with faint con- 
centric ‘punctures’. Length about 10.0mm. Enclosed in frothy cocoon (from 
description by Dodge, 1968). 

Biology. The type series included 3 puparia bred from the nest of a mocking-bird in 
June 1917 in Texas. 

Affinities. The form of the caudal segment points to a possible affinity with downsi 
and nielseni. Dodge (1968) notes that adults of this species and obscurus are unusual 
in possessing a distinct bristle between the posterior callus and the prescutellar 
dorsocentral. Like downsi a dark coloured insect. 

Distribution. Only known from the type locality at Uvalde, Texas (U.S.A.) and 
from an unspecified locality in Peru (Pont, 1972c). 


Philornis angustifrons (Loew) 
(figure 21 g—m) 


Puparium. Medium-sized to large, orange to dark reddish, matt, subopaque, 
transversely rugose; with deeply concave perispiracular field surrounded by area of 
coarse, rugose folds, so anal spiracles invisible in lateral view. Spicular bands on 
segments normally clearly defined and consisting of transverse rows of small, fine teeth 
arranged as in ¢rinitensis. Also, as in that species they are present on the perispiracular 
rugose peripheral area and widely elsewhere on body, especially posterodorsally 
(clearly visible on the seventh abdominal segment where they form a reticulate pattern 
clearly seen at low magnification). On preceding segments the spine bands overlap on 
both sides of segmental boundaries. Prospiracular spiracles invisible externally, at most 
represented by a low rugasity. Anal spiracles large with slits moderately to strongly 


80 


tortuous. As noted by Dodge & Aitken (1968) the depth and relative width of the 
perispiracular concavity and the relative width of the peripheral rugose rim show con- 
siderable variation. In general the concavity is deeper and narrower and the rugose rim 
relatively narrower in larger than in smaller puparia. Length 7.9—10.9mm. An.sp. 
0.44—0.48 mm. Ceph.skel. (0.24; 0.24; 0.91)—(0.29, 0.29; 1.10) = 1.34—1.62mm. 
AB = 0.040--0.056 (n = 7). Cocoon about 15 mm long. 

Material studied. 1°, Sangre Grande, Manzanilla Rd., 34 mile post, (Trinidad), 
18.ix.1958, ex Icterus nigrogularis nigrogularis, T.H.G. Aitken & W.G. Downs (CAS); 
29, Ct. Mercedes, Matzs., Cuba, vi.5.54 (L.C. Scarramuzza) parasite of wild bird; id 
Vega de Oropouche, 31.vii.59, ex Pitangus sulfuratus; 1d, Port Kead near Aripo Road, 
18.vii.59, ex Manacus manacus (T.H.G. Aitken); 1d, Vega de Oropouche, Sangre 
Grande, 21.11.57, ex Leptoptila verreauxi verreauxi; 16, Cunapa (Trinidad), 25 iii.58, 
ex Crotophaga ani, subcutaneous, T.G. Aitken & W.G. Downs (USNM). 

Biology. A well-known subcutaneous parasite of many Neotropical birds, normally 
affecting nestlings although Aitken found a mature larva in the neck of an adult male 
Piculus rubiginosus. Heavy infestations of young birds lead to death, as was noted by 
Scarramuzza in the case of a fledgling Jcterus dominicensis hypomelus from which 15 
maggots had emerged, including one from a cyst between the eyes. Scarramuzza found 
that at a median temperature of 81°F, the pupal stage lasted 11 days in Cuba. 

The following birds are recorded as hosts: /cterus nigrogularis and dominicensis, 
Pitangus sulfuratus, Manacus manacus, Leptoptila verreauxi and rufaxilla, Columbi- 
gallina talpacoti, Psomocolax oryzivorus and Crotophaga ani. 

Affinities. Dodge & Aitken (1968) state that the larva of this species (and the 
puparium too) differs from other known Philornis in having the prothoracic spiracles 
concealed. Otherwise the puparium with its broadly rugose perispiracular rim 
resembles most other members of the genus. 

Distribution. Cuba and Costa Rica southwards to Brazil. 


Philornis trinitensis Dodge & Aitken 
(figure 22, a—d) 


Puparium. Large, matt, subopaque, pale orange to dark reddish with caudal segment 
truncate, very deeply concave in perispiracular region, so spiracles hidden from lateral 
view; front end bluntly rounded. Ventral abdominal welts conspicuously spiculate, the 
spines extending broadly over each side of the segmental boundaries; on hind margins 
of segments long wavy bands of evenly spaced dark, very slender spines, some directed 
forwards, others back, running generally parallel with the suture and extending 
distinctly to about the mid-lateral region. Behind these, on anteroventral quarter of 
segments about 3 rows of similar spicules, broken medially into short arcuate groups. 
Dorsally these spicule bands appear to be wider and the spines are paler and less 
distinct on abdominal segments 1—3. Segment 1 has about 5 series of arcuate rows 
dorsally, whilst the meso- and metathorax have about 6—8 such series, though of a 
paler colour. The length of the spicules is about 0.01 mm. Pre-anal welt with about 
2-3 very ill-defined short arcuate rows medioventrally. Anal plate undefined. Caudal 
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Figure 22. Philornis trinitensis: a, cephalopharyngeal skeleton from puparium; b, details of 
spiculation on ventral abdominal welts on segments 1 and 2 of puparium; c, caudal segment of 
puparium (lateral view); d, perispiracular field of puparium (posterior view) showing anal spiracles 
(note the foreshortening of the right spiracle is due to its lying at an angle in relation to the left 
one); P. deceptivus: e, cephalopharyngeal skeleton from puparium; f, prospiracular process and 
adjacent section of mesothoracic anterior spine band of puparium; g, details of spiculation on 
ventral abdominal welts on segments 1 and 2 of puparium beside medioventral longitudinal line; h, 
details of spiculation of anterior spine bands of metathorax and abdominal segments 1 and 2 beside 
mediodorsal longitudinal line; i, caudal segment of puparium (lateral view); j. perispiracular field of 
puparium (posterior view) showing anal spiracles, with additional spiracle to show more contorted 
slits of another example. (Scales: a, b, d—h, j 0.24 mm; c, i 0.61 mm) (Orig.). 
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segment very closely corrugated and extensively covered with blunt spicules arranged 
in irregular rows which are often most evident on the coarse folds surrounding the 
perispiracular concavity and, sometimes, on the hind part of the seventh abdominal 
segment where they may form a conspicuous reticulate pattern. 3—5 prospiracular 
lobes, appearing as pale flattened elevations on a dark prothoracic callosity. Anal 
spiracles separated by width of one, slits moderately tortuous. 

Cephalopharyngeal skeleton with very wide As and symmetrical mh. Length 6.48— 
9.70 mm. (6.0—13) An.sp. 0.37—-0.49 mm. Ceph.skel. (0.15; 0.13; 0.61)—(0.24; 0.22; 
1.00) = — 0.86—1.41 mm. AB = 0.050—0.057 (# = 5). 

Material studied. S paratypes with puparia, incl. 19, Vega de Oropouche, 3.iii.59, 
T.H.G. Aitken, coll. ex nest of Molothrus bonariensis, 12, Vega de Oropouche Rd., 
1.vii.58, T.H.G. Aitken & W.G. Downs, coll. ex nest of Troglodytes alarus (CAS); 
19, Oropouche Rd., 7.iv.59, T.H.G. Aitken, coll. ex nest of Troglodytes, 16 1°, St. 
Patrick’s Estate, Arima Valley, 7.viii.59, T.H.G. Aitken, coll. ex nest of Troglodytes 
musculus (USNM), all Trinidad. 

Biology. The larvae are subcutaneous parasites recorded by Dodge & Aitken (1968) 
from nests of following birds: Tyrannus melancholicus, Sporophila lineola, 
Troglodytes musculus and alarus, Molothrus bonariensis, Oryzoborus angolensis, 
Thraupis virens, Turdus fumigatus and Pitangus sulfuratus. 

Affinities. This probably closely related to angustifrons but in the immature stages 
it shows greater affinity with the other species tentatively included in this group as the 
prothoracic spiracles are clearly visible externally. 

Distribution. Only known from Trinidad where however it is a common species 
(Pont, 1972c). 


Philornis deceptivus Dodge & Aitken 
(figure 22, e—j) 


Puparium. Very similar to trinitensis. Spicular bands conspicuous and encircling 
meso- and metathorax and abdominal segments 1-5, comprising a broad band of 5—9 
close set irregular rows of often dark-tipped spicules along the front part of the 
segments pointing backwards, and 3—4 widely spaced rows on hind part of segments 
arranged in more widely spaced arcuate rows, pointing forwards. Laterally the spicules 
are more obscure, except on segments 1—3 of abdomen. Ventrally similar numbers of 
rows are present, but these are more regularly arranged in transverse rows. Pre-anal 
welt with several ill-defined rows of spicules pointing forwards. On the abdominal 
welts anteriorly are two apposed rows of larger spicules amidst the smaller ones. 4—6 
prospiracular lobes on barely raised rugose prominence. Anal spiracles in deep 
concavity surrounded by very rugose peripheral area; slits barely to moderately 
tortuous. Length 7.4—-10.3 mm. An.sp. 0.31 m. Ceph.skel. (0.24; 0.22; 0.91) = 1.2mm. 
AB = 0.030—0.042 (n = 4). 

Material studied. 4 paratypes with puparia, all Trinidad: 1d, Vega de Oropouche, 
Sangre Grande, (Trinidad), 13.iii.57, ex Pitangus sulfuratus trinitatis, subcutaneous, 
T.H.G. Aitken (CAS); 1d, 19, Fort Read, 29.iv.58, reared ex nest of Legatus 
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leucophaius, subcutaneous, T.H.G. Aitken; 19, Sangre Grande, Mantillon Rd., 34 mile 
post, 18.ix.58, ex Icterus nigrogularis nigrogularis, T.H.G. Aitken & W.G. Downs 
(USNM). 

Biology. The larvae develop subcutaneously in the nestlings of Cacicus cela, 
Pitangus sulfuratus, Psomocolax oryzivorus, Legatus leucophaius, Icterus nigrogularis 
and Mimus gilvus. 

Affinities. Very closely related to trinitensis and angustifrons. 

Distribution. Only known from Trinidad where it appears to be common (Pont, 
1972c). 


Philornis sanguinis Dodge & Aitken 
(figure 23, a—d) 


Puparium. Probably indistinguishable from deceptivus. 4—6 prospiracular lobes 
appearing as barely raised tubercles on a flattened rugosity. Form of anal spiracular 
slits varies from moderately to highly tortuous. Length 7.4—9.1 mm. An.sp. 0.39— 
0.48 mm. Ceph.skel. (0.18; 0.22; 0.85) = 1.20 mm. AB = 0.053 (v = 3). 

Material studied. 3 paratypes, with puparia, all Trinidad: 1°, Cunapo Southern Rd., 
Sangre Grande, 10.iii.59, ex nest of Leptoptila sp., T.H.G. Aitken (CAS); 1d, 19, same 
data (USNM). 

Biology. Larvae subcutaneous parasites of following birds: Leptoptila verreauxi, 
Sporophila lineola and Pitangus sulfuratus, as usual affecting the nestlings and 
pupating in frothy cocoons in the nests (Dodge & Aitken, 1968). 

Affinities. Very closely related to trinitensis, deceptivus and angustifrons, 

Distribution. Only known from Trinidad (Pont, 1972c). 


Philornis glaucinis Dodge & Aitken 
(figure 23, e--g) 


Puparium. Orange, darker reddish distally due to coarse folds on caudal segment 
around the deeply concave perispiracular field, matt with conspicuous fine black 
spicules ventrally on front and hind margins of segments making up the ventral 
abdominal welts. These do not ascend sides on to dorsal surface; 3 rows along the hind 
margins of segments 1—3 and 4 along the anterior margins. On segments | and 2 the 
spicules are arranged in 2 areas anteriorly — about 3 rows medially, directed forwards, 
and 3—5 rows pointing directly backwards and outwards, lateroventrally. Meso- and 
metathorax with 4—5 rows of similar spicules directed backwards. Pre-anal welt with 2 
rows pointing forwards, close to hind margin; 4 prospiracular lobes. arranged as in 
deceptivus. 

Cephalopharyngceal skeleton similar to deceptivus but broader in relation to length, 
and darkly sclerotised across the pharyngeal constriction. Length 8.2mm. An.sp. 
0.34mm. Ph 0.98 mm. (dimensions of mh and hs not known) AB = 0.041 (” = 1). 

Material studies. 19 allotype, with puparium, St. Patrick’s Estate, Arima Valley 
(Trinidad) v.59, ex nest of Glaucis hirsuta, T.H.G. Aitken (USNM). 








Figure 23. Philornis sanguinis: a—c, caudal segment of puparium in: a, posterior view; b, lateral 
view; c, posteroventral view; d, anal spiracle of puparium. P. glaucinis: e, detail of spiculation of 
ventral abdominal welt on segment 2 of puparium, showing smaller spicules on posterior part of 
segment 1; f, caudal segment of puparium; g. anal spiracles of same. P. sp, indet. (Puerto Rico): h, 
anal spiracle of puparium. P. sp. indet. (Oaxaca): i, cephalopharyngeal skeleton from puparium 
showing also dorsal view of hypopharyngeal sclerities; j, part of caudal segment of puparium 
showing anal spiracle. (Scales: a, d, e, g, h, i, j 0.24 mm, b, c, f 0.61 mm). (Orig.). 
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Biology. As noted by Dodge & Aitken (1968) a series of six flies, found to consist of 
this species and the next, were reared from puparia found in the nest of the humming- 
bird Glaucis hirsuta. They point out the possibly significant fact that they did not find 
this bird parasitised by other commoner Philornis which they studied in Trinidad. 

Affinities. This species belongs to the angustifrons group according to biology and 
larval morphology. 

Distribution. Only known from type-locality, Arima Valley, Trinidad (Pont, 1972c). 


Philornis niger Dodge & Aitken 


Puparium. This is briefly described by Doge & Aitken (1968) but they do not 
distinguish it from the very similar one of glaucinis, except that in the only example 
studied there were 3 instead of 4 prospiracular pores. 

Biology. Dodge & Aitken reared this from the same nest of Glaucis hirsuta 
mentioned under the previous species (glaucinis), collected on 5 May 1959. 

Affinities. Dodge & Aitken note that whilst the adult male very closely resembles 
downsi, the puparium is quite different, being very like glaucinis. 

Distribution. Only known from the unique holotype from Trinidad (Pont, 1972c). 


Philornis querulus Dodge & Aitken 


Puparium. Briefly described by Dodge & Aitken (1968), this is apparently very 
similar to glaucinis in general form and in possession of 4 prospiracular pores. 

Biology. The male holotype was reared from a subcutaneous larva in a nestling of 
Milvus gilvus from Arima, Trinidad, collected 6.v.63. 

Affinities. Apparently closely related to other members of the angustifrons group. 

Distribution. Only known from type-locality in Trinidad (Pont, 1972c). 


Philornis sp. indet. (Puerto Rico) 
(figure 23h) 


Puparium. Large, blackish-red, matt; caudal segment covered in spicules arranged in 
rough reticulate pattern and similar ones on all body segments from mesothorax 
onward, though ill-defined dorsally on post-median segments. Ventrally spicular 
bands somewhat widened. Prothoracie spiracle invisible. Anal spiracles in deep 
concavity separated by 0.30mm; slits highly tortuous. Pupal horns absent. Length 
9.09 mm. An.sp. 0.41 mm. AB = 0.045 (7 = 1). 

Material studied. | puparium, unhatched, ex Margurops fuscatus, Luquillo Rain 
Forest, 750m, Puerto Rico, 21.iii.80, W.J. Arendt, ‘Philornis sp.nr. angustifrons’ 
(USNM). 

Affinities. Pont (1972c) lists only two species of Philornis for Puerto Rico, obscura 
(Wulp) and pici (Macquart). This puparium clearly belongs to a large species and may 
be obscura; it closely resembles ¢rinitensis but anal spiracular slits much more tortuous. 
Like angustifrons the prothoracic spiracle appears to be invisible. 
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Philornis sp. indet (Oaxaca) 
(figure 23, i—j) 


Puparium, Dark red, matt with deep perispiracular concavity surrounded by broad 
area of coarse, deep folds. Meso- and metathorax with usual anterior spicular bands. 
Abdominal segments 1—4 with abundant spicules set in arcuate rows pointing forwards, 
most numerous on ventral and lateral surfaces, sparser medioventrally on all segments 
whilst dorsally they are in more regular rows, about 7—8 on anterior and 3~4 on distal 
segments. From segment 5 on bands with sparse more irregular spicules tending to form 
reticulate pattern on segments 6--8. On each side of the medioventral line the spicular 
bands very broad and distinct, the spicules shining golden against the darker integu- 
ment; 4 prospiracular lobes, flattened. Anal spiracles separated by less than half width 
of one; slits rather tortuous. 

Cephalopharyngeal skeleton with conspicuous dorsal tooth on hs. No discernable 
sm. Length 8.8mm. An.sp. 0.38 mm, Ceph.skel. (0.19; 0.17; 0.74) = 1.10 mm (# = 1). 

Material studied. [6 with puparium, 11 m.S. Jucha lengo, (16°11'N, 97°53'W, 
4700’) Oaxaca, Mexico, 9.ix.63, ex throat of Red-headed Tanager, J. Stuart Rowley 
(CAS). 

Affinities. An unidentified, possibly undescribed species of the angustifrons group; 
larva presumably subcutaneous. 


Philornis molestus Meinert 


Larva. The larva was figured by Meinert (1890) and is chiefly remarkable for the 
two posterior constrictions of the body. Dodge (1968) suggests that this may however 
be due merely to the larvae having been only partly extruded from the host when 
killed; 4 prospiracular pores. Anal spiracle subtriangular, resembling figure of torquans 
and anomalus but with middle slit differently shaped. 

Biology. Meinert’s two larvae were taken from under the skin on leg and wing of 
an unidentified oscine nestling. 

Affinities. Since no further material has yet been recorded and the adult is not 
known, the actual affinities of this species remain problematic. Dodge compares the 
anal spiracles with torquans and anomalus but states that otherwise he had seen no 
similar Philornis larvac. 

Distribution. Only known from the type-locality (‘West coast of Brazil’). 


Tribe HEMICHLORINI 
Genus Neomuscina Townsend 


Biology. Snyder (1949b) summarises the sparse biological data on this genus, 
suggesting that some species may be of importance in hygiene. He took many 
nudinervis Stein from human faeces containing ascarids and from adjacent fresh and 
rotting mangoes in El Salvador, and found related species on faeces and in houses in 
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Figure 24. Philornis ‘porteri’; a, mature larva (lateral view); b, abdominal segments 3 and 4 (ventral 
view); c, detail of spiculation of anterior spine band as indicated. (Scales: a, b 1.0mm, c 0.24 mm) 
(Orig.). 


Panama, Venezuela and Brazil. Their habit of entering caves and buildings was noted 
by Townsend, and Snyder found such intrusions commonplace. NM. transporta Snyder 
is thought to have been casually transported from South America to West Africa, by 
aeroplane. NW. davida Snyder was taken in fruit-fly traps in Panama during December 
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and January, 1939—40, whilst nudinervis was bred from Polyporaceae and collected 
on Fomes (fungi) (see Snyder, 1954:424). Neomuscina adults occur on low plants in 
jungle areas. Snyder quotes Curran who saw adults depositing live larvae in faeces. 

Affinities. Snyder (1949b, 1954) suggests that the affinities of this genus are mainly 
with Xenothoracochaeta Malloch and Cyrtoneurina Giglio-Tos. He draws parallels 
between Neomuscina and Dichaetomyia Malloch, stating that they appear to fill 
parallel niches in the New and Old World respectively. The likelihood however of any 
real affinity between these two gencra appears very remote, but Snyder’s allusion to a 
possible relationship between the Mydacini and Neomuscina merits further 
consideration. 

Distribution. Neotropical, apart from the unique West African specimens of W. 
transporta and the occurrence of certain widespread species in the southern states of 
the U.S.A. 


Genus Cyrtoneurina Giglio-Tos 


Cyrtoneurina gemina (Wiedemann) 
(figure 25) 


Larva. Instar 3: Creamy white, subopaque, with very slight longitudinal aciculations 
in places, Ventral abdominal welts not visibly spiculate and anal plate without distinct 
peripheral papillae. Caudal segment evenly rounded behind. Prospiracular process 
bifurcate, with 7 long processes on each arm. Anal spiracles very large, shining black 
and closely approximate, their bases fused, slits strongly curved and very narrow. 

Cephalopharyngeal skeleton with ob not reaching apices of mA, these symmetrical; 
pdc very narrow, pharyngeal floor widely translucent, with distinct ss. Length of larva 
7.1mm. An.sp. 0.24mm. Ceph.skel. (0.31; 0.20, 0.92) = 1.11 mm. AB = 0.034 
(1 = 1). NB. The fly from which above larva was removed was 6.4mm in length; the 
anterior end of the larva was inside the uterus. 

Material studied. 1? without locality, containing large larva in uterus (BMNH). 

Biology. Snyder (1954) remarked that members of this genus may have some 
hygienic significance in view of the media in which their coprophagous larvae develop. 
He draws attention to the range of variation in the form of the ovipositor and relates 
this with the stage at which the young are deposited — either as large eggs or third 
instar larvae. In some dissected specimens he found the cast skins and larval mouth- 
parts of first and second instar larval stages along with the large third instar ones. 
C. gemina belongs to the viviparous section of the genus and the rather short oral bars 
suggest that, if it feeds at all after deposition, it is probably purely coprophagous as 
Snyder stated. 

Affinities. The rather short oral bars and rudimentary anterior ribbons suggest these 
organs are being lost. The arrangement of the anal spiracular slits and the pronounced 
atrial angle of the pharyngeal sclerite may suggest muscine affinities. The prospiracular 
processes are of a form very uncommon in this family but common in other calyptrates. 
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Figure 25. Cyrtoneurina gemina: a, cephalopharyngeal skeleton of third instar larva (from parental 
oviduct); b, prospiraculat process of same larva; c, anal spiracles of same larva. (Scales: a—c 
0.24 mm) (Orig.). 


Apparently a rather archaic species combining some features of the Reinwardtiinae, 
Muscinae and Azeliinae. It belongs to the viviparous Cyrtoneurina along with 
polystigma (Wulp) and maculipennis (Walker). The oviparous section is typified by 
uber Giglio-Tos and geminata Snyder. 

Distribution. Neotropical; one of commonest Cyrtoneurina species, ranging from 
Mexico to Paraguay (Pont, 1972c). 


Genus Phaonina Emden 


Phaonina corbetti (Malloch) 
(figure 26) 


Puparium. Deep red, slightly shining, especially dorsally, densely transversely 
microstriate, subopaque, with slightly roughened cuticle, more blackish on caudal and 
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Figure 26. Phaonina corbetti: a, cephalopharyngeal skeleton from puparium; b, puparium (dorsal 
view); c, puparium (posterior view); d, posterior end of puparium (ventral view), showing ventral 
abdominal welt on segment 7, pre-anal welt and anal plate etc.; e, anal spiracles of puparium; f, 
detail of spiculation on ventral abdominal welt on segment 7. (Scales: a, c—f 0.24 mm, b 0.61 mm) 
(Orig.). 


prothoracic segments; cuticular knots marking segmental boundaries bar-like, con- 
spicuous. Ventral abdominal ambulatory welts conspicuous, consisting of about 8 
transverse rows of mostly blunt-tipped to spatulate, black spicules of which those in 
the median rows are much smaller than those on the front and hind faces of the welt. 
Sometimes the abdominal segments have very prominent blackish-red transverse folds 
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extending over lateral and dorsal surfaces, but the spicules do not extend above the 
lower corners of the pleural sclerites. Anal region very distinctly spiculate. Caudal 
segment with very strong perispiracular rim (similar to Polietes) enclosing a dull black 
perispiracular field, and giving rise to some shining red concentric folds; 8 prospiracular 
lobes. Anal spiracular plates very large, black, with concolorous slits; these very 
strongly sinuate (3:2:2:). 

Cephalopharyngeal skeleton massive, very heavily sclerotised but with conspicuous 
sm. Unique amongst known muscid larvae in having a rudimentary at and a distinct 
though rather smal] of. Length 6.0—7.15 mm. An.sp. 0.22—0.27 mm. Ceph.skel. (0.49; 
0.23; 0.90) = 1.52 mm. AB = 0.037 (# = 4). 

Material studied. 1d with puparium, Port Moresby (Papua New Guinea), 30.iii.57, 
‘larva feeds in flower stem of Nipa’, R.W. Paine; 3 puparia, Singapore, iv.59, ‘on Mipa’, 
R.W. Paine (BMNH). 

Biology. This species is only known to develop in the flower stems of Nipa; nothing 
appears to be known of the habits of the adult. 

Affinities. This species has many unusual features which render its truce affinities 
uncertain. The strongly serpentine respiratory slits, the distinct optic lobe and the 
general facies of the cephalopharyngeal skeleton suggest that it is close to both the 
Mesembrinini and the Muscini, and certain adult features would tend to support this. 
The lower squama is of the muscine type as defined by Emden (1939). Discal vein 
slightly sinuate apically, node sctulose below and suprasquamal ridge bare. There is a 
distinct anterior mesopleural below the front notopleural, the pteropleura and 
prosternum are hairy and the arista is plumose. The one feature which would 
militate against a muscine affinity is the very poorly developed atrial angle; this feature 
suggests that the species might be better included in the Reinwardtiinae. The most 
serious argument against this is the presence of a distinct optic lobe, which is very rare 
amongst muscids outside the Muscinac. It does however occur quite widely in related 
families and so its presence in the earliest Muscidae seems probable. At present I prefer 
to regard this species as highly aberrant reinwardtiinae. 

Distribution. Oriental-Australasian; Selangor (Malaysia) to Solomon Islands. 


Genus Polietina Schnabl & Dziedzicki 
Polietina flavithorax (Stein) 


Larva. Instar 2: Ventral abdominal ambulatory welts on segments 1—7 with 2—3 
rows of large spicules (ca. 0.02 mm). Anal region spiculate; 6 prospiracular lobes. 

Cephalopharyngeal skeleton with very strong accessory dorsal mh. Length 3.5mm. 
(Albuquerque, 1956a). 

Biology. Presumably viviparous; I assume that Albuquerque’s figure was based on 
an uterine larva. He records adults frequenting rotting organic matter. 

Affinities. Hennig (1965) drew attention to several adult features strongly 
suggesting that this genus is only distantly related to others recognised by Snyder 
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Figure 27. Metopomvia atropunctipes: a, cephalopharyngeal skeleton from puparium; b, detail of 
spiculation on ventral abdominal welt on segment 7 of puparium; c, posterior part of puparium 
(ventral view), showing ventral abdominal welt on segment 7, pre-anal welt, anal plate etc.; d, anal 
spiracles of puparium. (Scales: a, b 0.24 mm, c 0.61 mm, d 0.19 mm) (Orig.). 


(1954) as belonging to this subfamily. The cephalopharyngeal skeleton figured by 
Albuquerque is reminiscent of Museina. 

Distribution. Neotropical; Venezuela southwards to Peru and Rio de Janeiro 
(Brazil) (Pont, 1972c). 
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Genus Metopomyia Malloch 


Metopomyia atropunctipes Malloch 
(figure 27) 


Ovum. Phaonia-type but with narrower hatching pleats. Length 2.2—2.55 mm. 

Larva. Trimorphic, hatching from egg in first instar. Instar 1: ventral abdominal 
ambulatory welts 1--7 with single transverse band of dark spicules each, often fainter 
on segment 1. Anal spiracles unusual, having respiratory slits nearly round. Sub 
arranged in arcuate series on each side of oral opening, diminishing in size laterally. 
Cephalopharyngcal skeleton resembling Muscina but ds broader than normal and /a 
abruptly truncate anteriorly, not uncinate, pas nearly straight, es gibbous in lateral 
view. Length 2.9—3.5 mm. Instar 2: ventral abdominal welts with spicules translucent, 
ill-defined. Anal spiracles with Jower slit curved, inwardly very slightly convergent with 
upper slit, both elongate oval; plates separated by about twice diameter of one; 10—12 
prospiracular lobes. Sub in straight transverse series on each side of oral opening, very 
stout medially but abruptly diminishing in size laterally. Cephalopharyngeal skeleton 
similar to Muscina in having very elongate mh which are fused distally with the avs, 
proximally approximate but not fused, diverging distally; As very shallow, hardly 
projecting ventrally; sv distinct. Length 3.5—5.2 mm. Instar 3: whitish with dark gut, 
later becoming pinkish; anal spiracles at first with only outline of peritreme darkened 
but gradually sclerotisation spreads throughout and into intervening space; caudal 
segment with 6 perispiracular papillae in dorsolateral, lateral and lateroventral positions 
respectively. Spicules on the ventral abdominal welts light brown to colourless; a 
prothoracic spicular welt of spines present, most distinct ventrally. Oral opening with 
a row of pale brown denticles on each side. Length 5.3—10.3 mm (see under puparium 
for further details of larval structure). (After Ferrar 1979a). 

Puparium. Very dark blackish-red, opaque, slightly shining, closely transverse striate, 
especially ventrally, and with segmental boundaries and pleural sclerites very clearly 
marked with cuticular knots. Ventral abdominal welts 1—7 very conspicuously 
spiculate, the spicules often having broadly membranous edges and arranged in close- 
set transverse rows, about 4—6 on the anterior half of cach welt and about the same 
number on the posterior half, leaving a small median non-spiculate area on each welt. 
Thoracic segments and dorsal and lateral surfaces of abdominal segments without 
spicules, the ventral series terminating below lower edges of pleural sclerites; pre-anal 
welt with about 6—8 rows of strong spicules. Anal plate often not clearly delimited 
but transverse, corrugated and coloured like the surrounding areas and having traces of 
postanal, subanal and extra-anal papillae; 9-13 prospiracular lobes, the spiracular 
processes being conspicuous, ear-like projections on the prothoracic segment. Anal 
spiracles large, prominent, shining black as is the area immediately around their bases; 
spiracular discs dark orange, the peritreme black; respiratory slits often yellower, very 
sinuate (2:2:2-—3). Pupal horns absent. Length of puparium 5.7—6.3 mm. An.sp. 
0.19 mm. Ceph.skel (0.29:0.23:1.02) = 1.44mm. AB = 0.030—0.033 (” = 9). 
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Material studied. 9 puparia, reared from adult from Urriara, A.C.T. (Australia) 
(ANIC). 

Biology. Ferrar (1979a) states that the adults are attracted to dung and that eggs 
are laid singly or in clusters on the dung surface (in laboratory conditions). The larvae 
are trimorphic, apparently feeding saprophagously. Pupariation occurs in the dung. 

Affinities. A very aberrant species combining characters of the Reinwardtiinae and 
the Mydaeinae. Hennig (1965) drew attention to possible relationships between 
Metopomyia and Dimorphia, whilst Malloch compared the latter with Muscina, the 
former with Helina, especially H. fuscoflava (now referred to Helinomydaea). Ferrar 
points out that whilst Helinomydaea is a mydaeine, Metopomyia possesses features 
which bar its inclusion in that subfamily according to Vockeroth (1972). Ferrar 
considers that the general life history and pre-imaginal characters of Metopomtyia 
suggest a possible affinity with Muscina. In the classification adopted here it clearly 
belongs to the Reinwardtiinae, but there are a number of unusual features. The second 
instar larva has the fused mh and ans as in most Muscini, and the mature larva has 
reduced ob as in many members of that tribe. The arrangement of the anal spiracular 
slits however is very similar to Dimorphia. | believe this peculiar species should be 
referred to the Reinwardtiinae until there is strong evidence for an alternative 
assignment. 

Distribution. The sole member of the genus; eastern Australia, mountainous 
forests from Tasmania northwards to Ebor (N.S.W.), ascending to 1800 m. 


Subfamily ACHANTHIPTERINAE 
Genus Achanthiptera Rondani 


Achanthiptera rohrelliformis (Robineau-Desvoidy) 
(figure 28) 


Larva, Trimorphic facultative carnivore. Instar 3: Very slender, with complete spine 
bands on abdominal segments 1-3 consisting of short serrate rows of minute chitinous 
spicules. On succeeding segments spine bands restricted to ventral area where welts 
have a single transverse band of large, concolourous spicules. Papillae of anal region 
well developed, distinct in posterior view, and entire ventral surface of caudal segment 
below lower edge of perispiracular field finely and closely spiculate. Perispiracular field 
on posterodorsal surface, with 6 weak peripheral tubercles; 4—5 prospiracular lobes. 
Anal spiracles small, separated by about width of one, with slits subovate, slightly 
convergent, two almost parallel, third at slight angle to them; scar median. 

Cephalopharyngeal skeleton massive, with weakly sclerotised ob and ar. Mh strongly 
asymmmetrical, right one long and nearly straight, left much shorter and curved. Hs 
with very strong acute dorsal tooth. Ph with conspicuous at; od superior but lacking 
ol; pde much shorter than pve, sm distinct. Length up to 14mm. 

Puparium, Pale dull orange-red and distinctly elongate, matt to rather shiny, fairly 
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Figure 28. Achanthiptera rohrelliformis: a, cephalopharyngeal skeleton from puparium; b, oral 
sclerites of same; c. puparium (dorsal view); d, caudal segment of puparium (lateral view); e, 
posterior part of puparium (ventral view) showing ventral abdominal welt on segment 7, pre-anal 
welt, anal region etc.; f, detail of spiculation on ventral abdominal welt on segment 7; g, anal 
spiracles of puparium; h, same in sectional view. (Scales: a, b 0.24mm, c 2.0mm, d,e 1.0mm, f 
0.5mm, g, h 0.1 mm ) (Orig.) 
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strongly transverse wrinkled with segmental margins marked by striations and cuticular 
knots. Abdominal welts 2—7 with many rows of mostly very small spicules; the largest 
(about 0.01 mm long) form a very irregular row along crest of welt on each side of 
median line. Frequent displacement of these rows, indicating areas of greater shrink- 
age, may suggest location of weak retractile false legs. The smaller spicules (about 
0.001 mm) are grouped in tiny serrate rows on fore- and hind-margins of each welt and 
extending dorsally over abdominal segments 1 to 3. Pre-anal welt closely, coarsely 
rugospiculate; extra-anal, para-anal, subanal and postanal papillae distinct. Caudal 
segment much more irregularly and coarsely wrinkled than preceding segments, these 
wrinkles very closely and irregularly coalescing around anal spiracles, leaving no 
smooth perispiracular field. Anal spiracles on dorsal surface, translucent reddish with 
the very conspicuous slightly sinuate slits slightly convergent on the extremely small, 
obscure median scar (this at x 60 appears as a minute pore on inner depressed margin 
of peritreme). Subcutically the slits open into a large felt chamber appearing yellowish 
through cuticle. Anal spiracles slightly tilted inwards, separated by 1—1.5 times width 
of one. See also Lobanov (1975). Length 7.2-7.8 mm. An.sp. 0.10--0.12mm. Ceph. 
skel. (0.27; 0.17; 0.87)—(0.30;0.19; 0.98) = 1.28-1.44 mm. AB = 0.014—-0.015 (v# = 
5). 

Material studied. 1d, 1° with puparia, Bromley, Kent (England), coll. x.62, em. 
20—21.v.63, from larvae in nest of Vespula germanica P.J. Chandler; 2 puparia no 
locality, ex nest of Vespula rufa, H. Britten (MAGD). 

Biology. De Vos-de Wilde (1935) found that the females oviposit in June in nests of 
Vespula species, the eggs hatching immediately into first instar larvae which start to 
feed on decaying matter in the wasp’s crypt. He assumed that since the final instar 
larvae have accessory oral sclerites they probably devour dead wasps and their larvae 
and any other soft-bodied larvae sharing their habitat. The Achanthiptera maggots feed 
in the old nest throughout the winter, leaving in spring for the surrounding soil to 
pupariate. Adults emerge from early June to early August but are seldom seen as they 
are short-lived. They have been taken at honeydew (Cuny, 1978). Throughout its 
range probably univoltine. 

De Vos-de Wilde records Vespula vulgaris and germanica and Vespa crabro as host 
species but Vespula rufa is evidently also affected (see above). 

Affinities. Long included in the Phaoniinae, this fly was accorded subfamily status 
by Hennig (1965) who suggested it may represent a sister group to the rest of the 
Muscidae (excluding the Fanniinae, which has now been raised to family rank), The 
unique feature is the presence of spiracles on the 6th abdominal segment in the female. 
These are absent in all other muscids and Hennig regarded their presence in Achan- 
thiptera, together with several other adult characters, as being indicative of great 
antiquity. In larval morphology and biology Achanthiptera appears to be closest to 
Potamia and related lower azeliines. To a lesser extent, it approaches certain genera 
here included in the Reinwardtiinae (especially Metopomyia). 

Distribution. Western Palaearctic; southern France north to Moray Firth (Scotland), 
east to Tadzhikistan. Probably a temperate broad-leaved forest species, not extending 
into the northern coniferous forest zone. 
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Subfamily AZELIINAE 
(figures 29—49) 


Ova. Hatching pleats carinate to slightly raised, very rarely foliate (see Allocostylus). 
Never with terminal horns. Length 0.8—3.56 mm. About 14-188 ovarioles (Lobanov, 
1977a). 

Larvae. Trimorphic facultative to dimorphic (or monomorphic?) obligative carni- 
vores (saprophiagous in Potamia scabra). Body of unspecialised form (no aberrant forms 
known) but cuticle often with strong longitudinal aciculations. Instar 1: cephalo- 
pharyngeal skeleton of muscine type but with short pas. Instar 2: cephalopharyngeal 
skeleton with mh and ans fused. Instar 3: 2—10 prospiracular lobes. Anal spiracles very 
small to large, slits straight to distinctly sinuate, parallel to radiate; scar usually median, 
less often submedian (see Hydrotaea dentipes). 

Cephalopharyngeal skeleton with well-developed ob and ar (but see Potamnia scabra), 
sometimes with cut; ds fused and mh normally asymmetrical. Hs robust to very 
elongate, often with strong dorsal tooth. Ph with superior optic depression but with- 
out ol; at usually very pronounced (except in some Hydrotaea s.str., where however 
optic depression still superior); ph sometimes extremely slender, pve and pdc often 
asymmetrical. Length up to about 15mm. 

Puparia. Generally of unspecialised form but some (i.e. many Hydrotaea s.str.) have 
very long pupal horns. In some Drymeia the caudal segment has a peculiar shrunken 
appearance. Length 3.27—9.10 mm, An.sp. 0.04—0.24 mm. Ceph.skel. 0.60—1.40 mm. 
AB = 0.006—0.039. 

Biology. The commonest larval pabulum is cowdung, and many are known to breed 
only in this medium. Hennig (1965) suggests that mammalian dung is probably the 
ancestral habitat for the Muscinae and Azeliinae. However, the majority of the higher 
azeliines are humicolous obligative carnivores, whilst the most primitive (i.e. Potamia, 
Ophyra and Hydrotaeoides) have the highly catholic tastes of many of the Reinward- 
tiinae. Being predators inhabiting sites favoured by synanthropes like Musca and 
Stomoxys, certain azeliines (i.e. Hydrotaca dentipes) are regarded as important 
controllers of populations of these noxious species. Addiction to mammalian perspir- 
ation has only been positively recorded in the Muscini and the Azeliinae, and some 
members of both groups have become blood-feeders with enlarged prestomal teeth. 

These blood-feeding species (ie. Hydrotaea irritans and its relatives) are thought to 
have some significance in rural economies, whilst the beneficial aspects of the biology 
of species like Hdentipes may be partly offset by their occasional intrusion into 
houses. 

Affinities. The Azeliinae share many features with the Muscinae, in which group 
they were included by Hennig (1965) asa tribe. He showed that the ovipositor is very 
similar to that found in the Muscinac, the male genitalia are similar, and the female 
also has proclinate supra-orbitals. He regarded the present group (i.c. his Hydrotaeini) 
as forming the sister group of the Muscini within the Muscinae. Whether or not the 
sister group hypothesis remains acceptable, the hierarchical framework imposed by 
including the Aydrotaea group here limits the further subdivision of the group, and so 
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Hennig’s tribes are here raised to subfamily rank. Such an arrangement also serves to 
underline the several important differences between the Azeliinae and Muscinae, 
perhaps the most obvious of which in the immature stages are the following: (a) near- 
total absence of non-carnivorous larvae in the Azeliinae;(b) the much more simplified 
form of the anal respiratory slits of the final instar azeliine larvae; (c) the general trend 
in both azeliine tribes towards monomorphism; (d) the trend away from coprophilous 
associations. 

It has been customary for the last century at least to place Muscina either in the 
vicinity of Musca and Polietes in the Muscinae, or close to Hydrotaea in the Phaoniinae. 
As a result of my research into many world genera, I am removing Muscina and its 
relatives to the Reinwardtiinae. 

In this work I recognise two tribes in this subfamily, the Hydrotaeini and the 
Azeliini. In the structure of the larval mouthparts, Azelia, regarded by Hennig (1965) 
as the oldest azeliine genus, is very similar to both Thricops and to certain species of 
Hydrotaea sat. On the other hand, the higher members of the two tribes have very 
dissimilar cephalopharyngeal skeletons. 

The Azeliinae are most numerous in temperate regions where many species arc 
endemic to particular mountain ranges or islands. The majority of these have humico- 
lous larvae. The lower Aydrotaea and related genera however are much more wide- 
spread and most are probably more eurytopic. 

Distribution. Worldwide, except for more remote island groups, but particularly 
rich in the Nearctic and Palaearctic where many are circumpolar. 


Tribe HYDROTAEINI 
(figures 29- 41) 


Ova. Hatching pleats always cariniform. Length 0.8—1.24 mm. Up to 188 ovarioles. 

Larvae. Trimorphic facultative carnivores (? saprophagous in Potamia scabra) to 
dimorphic obligative carnivores. Instar 3: 3—9 prospiracular lobes. Anal spiracles small 
to large, slits subparallel to strongly convergent, straight to slightly sinuate; scar 
median to submedian. 

Cephalopharyngeal skeleton ranging from the massive, partially sclerotised Potamia 
to the slender uniformally sclerotised type found in many Hydrotaea s.str. where the 
pve is usually much shorter than the pde. Aco usually well developed (but see Potamia). 
Length up to about 15mm. ; 

Puparia. Many Ophyra and Hydrotaea s.str. have unusually long, thick pupal horns 
with numerous spirally arranged microscopic papillae. Length 3.27—9.10 mm. An.sp. 
0.05—0.24 mm. Ceph.skel. 0.75—1.40 mm. AB = 0.008—0.039. 

Biology. In temperate regions winter is spent in larval or pupal stages. In the more 
primitive species the larvae develop in a wide range of media but the higher hydro- 
taeines become increasingly restricted to dung or humus soil. Most Holarctic species 
are probably uni- or bivoltine but the trimorphic species may have more generations 
per year. 
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Adults of many Hydrotaea species are familiar sweatflies and some are blood- 
feeders. The males have secondary sexual adornments and most have the habit of 
hovering in small swarms. 

Affinities. In this tribe there is a distinct gradation from unspecialised to highly 
developed forms, Potamia being perhaps the most archaic element, whilst the most 
highly developed ones are found in Hydrotaea s str. 

Hennig (1962, 1965) remarked on the very close affinity between Hydrotaeu and 
Ophyra but Iam retaining separate generic status for reasons explained below (under 
Ophyra). Xestomyia, Megophyra and Huckettomvia also belong in this tribe, the last- 
named being very close to Potamia, whilst Australophyra and perhaps Cryptophyra 
belong between Potamia and Ophyra, amongst the lower Hydrotaeines. Like Potamia 
setifemur, Cryptophyra lundbecki is only known to breed in rotten wood (Michelsen, 
1978), but the larval morphology remains undescribed. 

In the form of the larval mouthparts this tribe includes more archaic elements than 
the Azeliini. Potamia most closely approaches Achanthiptera, whilst Azelia resembles 
some Ophyra species. 

Distribution. The Hydrotaeini are represented throughout the major regions of the 
world but are most numerous in the Holarctic Region. Some species have become 
widely distributed through commerce; Hennig (1965) notes that the only member of 
the group recorded from New Zealand is a recent coloniser. 


Genus Potamia Robineau-Desvoidy (Dendrophaonia Malloch) 
Potamia scabra (Giglio-Tos) 


Ovum. Typical Musca type, white, with outer surface uniformly reticulate. Length 
1.18—1.24 mm (Calhoun, Dodge & Fay, 1956) 

Larva. Trimorphic saprophage (?). Instar 1: ventral welts with dark spicules and 
caudal segment dorsally rugose. Cephalopharyngeal skeleton with oral sclerites some- 
what like Muscina, especially in shape of mh and apical swb but la very shallow and 
slightly concave dorsally; ph unusually elongate as in Stomoxys. Length 1.2—2.6 mm. 
Ceph.skel. 0.42mm. Instar 2: ventral abdominal welts with colourless spicules. 
Cephalopharyngeal skeleton very similar to Muscina but without accessory dorsal 
hooks and with much more elongate pA (very similar to that of instar 3). Length 2.0— 
6.3mm. Ceph.skel. 0.74 mm. Instar 3: very simiar to /ittoralis but with papillae behind 
anal plate more broadly rounded. Cephalopharyngeal skeleton similar to Jittoralis, but, 
according to figure in Calhoun et al., mh stouter and with a very strong mac, aco 
totally absent and As without the strong acute dorsal tooth. Length 6.0—11.9mm. 
Ceph.skel. (0.32; 0.17; 1.02) = 1.45 mm (after Calhoun et al.). NB. Dimensions of anal 
spiracle not stated but according to figures about same as in /ittoralis. 

Puparium. Apparently very similar to fittoralis. Length 6.2—6.6 mm. ; 

Biology. Calhoun et al. give data on rearing these flies under laboratory conditions 
at 80°F and 70% RH, from wild flies captured in privies. The pre-oviposition period 
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for reared females was from 6—23 days and they found a biweekly periodicity in 
oviposition peaks with females averaging 230 eggs over an 8-week period. Eggs were 
laid on moist cow manure and the larvae, which hatched a day later, took about 8 days 
to reach maturity. Pupariation occurred in damper situations and the adults hatched 
about 7 days later. Male adults lived up to about 3 weeks, some females for nearly 
7 weeks. No mention was made of carnivory in larval stage. 

Affinities. This species appears to differ from /ittoralis in several significant respects 
but most notably in the absence, according to Calhoun et al., of aco, implying a 
wholly saprophagous diet. This is the only known hydrotaeine which lacks aco, but 
these structures are very weak in Jittoralis. Their loss in scabra is seen as an advanced 
feature, despite the fact that in general Potamia may be the most archaic genus in the 
subfamily. 

Potamia appears to be closely related to Hydrotaea sg. Hydrotaeoides and Hucket- 
tomyia on the one hand, and, judging from the remarkably similar cephalopharyngeal 
skeleton, to Achanthiptera on the other, and it probably closely resembles the ancestral 
hydrotaeine. It is noteworthy also perhaps that in setifemur Stein, there are minute 
anteroventral apical spines on the front femora in the male, as in Cryptophyra lund- 
becki (Michelsen, 1978), precursors perhaps of the ornamentation seen in males of 
Aydrotaea. 

Distribution. Nearctic; Mexico and U.S.A. 


Potamia littoralis Robineau-Desvoidy (querceti (Bouché)) 
(figure 29) 


Larva, Trimorphic facultative carnivore. Instar 3: head with oral grooves not 
reaching dorsal surface. Thoracic segments with complete anterior spine bands with 5— 
12 rows of spicules, the prothoracic band widest. Abdominal segment | with complete 
spine band (1 --3 spicules wide), but segments 2—7 with spicules restricted to ventral 
welts, each of which, on anterior slope, has short, arcuate, serrate rows, a row of very 
large spicules along the crest, followed by 2 rows of rather smaller ones and finally 
arcuate, serrate rows, as on anterior face. [ind margins of segments 4 (or 5) to 7 with 
a few sparse serrate rows. Caudal segment with usual 3 dorsal grooves, marked basally 
by punctures, and posterior face with faint perispiracular protuberances (less marked 
than in Muscina and according to Wallace & Snoddy (1969) only the uppermost pair 
visible). Anal plate somewhat ‘W’-shaped, ascending to bases of para-anal papillae. 
Postanal, para-anal, subanal, extra-anal and anal papillae all very distinct, all except 
extra-anals often finger-like; entire postanal region, outwards to extra-anals conspicu- 
ously spiculate. Perispiracular field slightly convex, dull and concentrically wrinkled; 
5—7 prospiracular lobes. Anal spiracles very large, oval, with long axis vertical, slits 
straight to slightly sinuate (according to Wallace & Snoddy strongly curved towards 
outer ends), upper and lower parallel, tilting slightly inwardly, median strongly conver- 
gent with lower; scar median. 

Cephalopharyngeal skeleton massive, rather elongate with long, rather straight, sub- 
symmetrical mh, very slender, short and weak ob and ar; hs with deep anterodorsal 
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Figure, 29. Potamia littoralis: a, cephalopharyngeal skeleton from puparium; b, puparium (dorsal 
view); c, puparium (ventral view); d, detail of spiculation on ventral abdominal welt; e, anal 
spiracles; f, same (ventral view). (Scales: a 0.78 mm; band c 1.0 mm; d—f 0.2 mm) (Orig.). 


excavation followed by very large acute dorsal tooth; ph broadly transparent ventrally, 
with conspicuous sm and nes;pve obviously longer than pdc. Length up to 14mm. 
Puparium. Rather elongate, deep orange-red, translucent, brightly shining and 
coarsely transverse striate, at least ventrally; cuticle usually clearly though finely, 
longitudinally aciculate. Segmental boundaries finely transverse striate and, like muscle 
scars, marked by cuticular knots. Ventral abdominal welts conspicuous, with 3 rows of 
large spicules across crests, bordered before and behind by minutely serrate rows. 
Distal welts with larger spicules than proximal ones, abdominal segment 1 with only 
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serrate rows, whilst the largest spicules are as long as the diameter of a pupal horn. Pre- 
anal welt coarsely rugospiculate, more densely than previous segments. All welts 
clearly defined. Anal region coarsely rugospiculate, so anal plate obscure, but traces of 
at least extra-anal and para-anal papillae usually visible (often also postanal). Caudal 
segment with much coarser folds than preceding segments, these forming carina 
around the broad perispiracular field. Anal spiracles large, separated by at most the 
width of one, median scar and slits conspicuous. Length 6.42—7.73 mm. Ansp.0.15— 
0.24 mm. Ceph skel. (0.33; 0.19; 0.90)—(0.34; 0.20; 0.93) = 1.67-1.72 mm (1.35— 
1.40 mm. according to Wallace & Snoddy). AB = 0.023—0.031 (n = 18). 

Material studied. 11 puparia, Churchdown, Gloucestershire, 19.v.57, ex bat drop- 
pings, with Fannia vespertilionis, Assis-Fonseca; 1¢é with puparium, Bromley, Kent 
(England), 4.v.64, ex rabbit dung, P.J. Chandler (MAGD); 6 puparia, Danville, Contra 
Costa County, California (U.S.A.);i52, from ground nests debris of Vespula pennsy- 
lvanica, F.X. Williams (CAS). 

Biology. Generally known as Dendrophaonia querceti (Bouché). Zimin (1948) found 
that in Tadzhikistan the larvae were only found early in the year and again in autumn, 
suggesting a univoltine condition, whilst Roubaud (1927) noted 2 broods of adults 
annually in France. Roubaud and Bouché (1835) found that larvae overwinter, as in 
U.S.A., where Wallace & Snoddy found large numbers of larvae hibernating in terres- 
trial Vespula nests. Sychevskaya, in Hennig (1962), records Spalangia nigripes Girault 
as a parasite. 

The larvae are eurytopic facultative carnivores which have been recorded from 
human faeces, rotten wood, including tree ulcers, nests of many birds and social 
insects, liquid substrates in rubbish dumps, cess-pits and privies, and from fungi 
including Phallus impudicus (Séguy, 1923; Zimin, 1948; Hennig, 1962; Michelsen, 
1977). The adults are usually seen on tree trunks or fences, often with the superficially 
rather similar Phaonia gobertii or its relatives. Greenberg (1971) regards littoralis as 
an exophilic, occasionally communicative, hemisynanthrope. Cuny (1978) records 
adults on honeydew, fallen grapes and flowers of Solidago serotina. 

Affinities. Presumably more primitive than scabra, this has an Holarctic range. The 
second Palaearctic species (setifemur) has been reared from a rotten beech tree and I 
found a teneral female on a hollow Fagus in Windsor Forest (England) in early June 
1966; it appears to be an ‘Urwaldtier’ known only from southern England and 
southern Sweden. P.littoralis has also been reared from rotten beech (Michelsen, 1.c.). 

Distribution. Holarctic; southern France and northern Italy to central Scotland, 
southern Sweden and the Leningrad area, eastwards to Tadzhikistan. In North America 
widespread northwards to Churchill, Manitoba (Canada). The range of this, the 
commonest Potamia, thus appears to extend to the southern limit of the taiga. 


Genus Australophyra Malloch 


Australophyra rostrata (Robineau-Desvoidy) 
(figure 30) 


Ovum, Hatching pleats widely separated and extending entire length; chorion re- 
ticulate throughout. Length 1.0mm. 
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Figure 30. Australophyra rostrata: a, cephalopharyngeal skeleton from puparium; b, puparium 
(dorsal view); c, caudal segment of puparium (ventral view); d, same (lateral view); e, detail of 
spiculation of ventral abdominal welt between segments 4 and 5; f, caudal segment of puparium 
(posterior view); g, anal spiracles of same. (Scales: a, c—g 0.244 mm; b 1.2 mm) (Orig.). 


Larva. Trimorphic facultative carnivore. Instar 1: dorsal surface entirely devoid of 
spicules and these present only on ventral surface of prothorax and abdominal seg- 
ments 2—8. Cephalorpharyngeal skeleton with very long slender pas. Instar 2: pro- 
thoracic spine band complete and minute spicules on ventral abdominal welts 1 -8; 8 
prospiracular lobes. Cephalopharyngeal skeleton with broad pde longer than pve. (First 
and second instars figured and described by O'Flynn and Moorhouse, 1980; third 
instar larval mouthparts and anal spiracles figured by Fuller, 1932). 
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Puparium, Orange-red, translucent, rather shiny but surface shagreened to very 
faintly pitted, sometimes with distinct, though superficial, wavy, close-set longitudinal 
aciculations. Finely transverse striate throughout, especially along segmental bound- 
aries. Meso- and metathoracic anterior spine bands with a few rows of tiny serrations. 
Abdominal segments without spicules dorsally, but ventral welts very conspicuous, 
consisting of a single row of very large spicules along crest of each welt, followed by a 
multiple one comprising 2—3 similar rows (sometimes the latter coalesced owing to 
contraction during pupariation). Behind the multiple row a broken row of minute 
spicules arranged in serrate groups and a similar row may be visible on extreme front 
margin of each welt, along front segmental boundary. Welts without medioventral 
break in spicular rows. Anal region densely spiculate, both on pre-anal welt and behind 
anal plate but the papillae of the anal region, all of which are extremely conspicuous 
and evidently elongate in larval stage, apparently devoid of spicules; subanals appar- 
ently largest. Caudal segment with conspicuous cuticular folds encircling perispiracular 
field and with deep dorsal grooves. Below perispiracular field caudal segment strongly 
swollen, bolster-like (as in sg. Hydrotaeoides); 7—8 prospiracular lobes. Anal spiracles 
concolorous dark reddish with pale yellow slits almost parallel, directed diagonally 
inwards towards the submedian scar; slightly sinuate. Pupal horns very short and fine. 

Cephalopharyngeal skeleton with asymmetrical mh, well-developed mac, rather 
weak ob joined anteriorly by simple ar. Ds scparate. Hs very short, deep, with strong 
dorsal tooth, PA with broadly translucent floor and distinct sm; at very weak owing to 
the deep od being filled by large of Length 7.20—7.88 mm. An.sp. 0.15—0.19 mm. 
Ceph skel. (0.29; 0.15; 0.85)—(0.31; 0.19; 0.90) = 1.26—1.33 mm. AB = 0.021—0.024 
(n = 10). 

Material studied. 10 puparia without data (ANIC). 

Biology. A well-known Australian tertiary sheep ‘blowfly’ which mainly affects 
carrion in the final stages of decay, after most saprophagous species have pupated. The 
larvae appear tolerant to dessication and may survive long periods without feeding. 
Whilst mainly saprophagous, larvae sometimes prey on calliphorid maggots or upon 
each other. Pont (1973a) surveys the biology, noting that it has also been reared from 
pig dung and fowl manure, and that it can survive anaerobic conditions. 

Affinities. A very interesting species, the adult differing from other Hydrotaeini 
in the setulose hypopleuron and double hind-tibial calcar, whilst the larval mouthparts 
and anal spiracles closely resemble Potamia. A peculiar feature however, reminiscent of 
the Muscini, is the sclerotised optic lobe filling the optic depression. 

Distribution. Australasia; very common throughout Australia, especially in more 
southerly parts, becoming scarcer in the tropical northern areas. Tolerably cold- 
resistant, ascending to 5000 ft on Mount Kosciusco, and occurring on Lord Howe 
Island, Norfolk Island and in New Zealand. 


Genus Ophyra Robineau-Desvoidy 
(figures 31 —34) 


Ova. Hatching pleats carinate, often not reaching posterior pole; chorionic hexag- 
onal sculpture sometimes very obscure. Length about 1.0 mm. 
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Larvae. Trimorphic facultative carnivores. Instar 1: cephalopharyngeal skeleton 
with pas shorter than in Australophyra. Instar 2: cephalopharyngeal skeleton similar to 
Australophyra but ph much less robust and with the shallow pdc at most as long as 
pve. Instar 3: ventral abdominal welts with coarse spicules arranged in 1 —3 transverse 
rows along crests, preceded and succeeded by 1—2 rows of much finer spicules set in 
serrate rows. Caudal segment with 8 low perispiracular protuberances. Anal region 
very coarsely spiculate throughout, with conspicuous papillae; 4—7 prospiracular 
lobes. Anal spiracles large, slits straight to slightly sinuate, parallel to slightly conver- 
gent upon median scar. 

Cephalopharyngeal skeleton usually with pde longer than pyc; ph with broadly 
translucent floor and distinct sm, Length up to 13 mm. 

Puparia, Usually with very long, thick pupal horns. Length 4.8--7.3mm. An.sp. 
0.10—0.18 mm. Ceph.skel. 0.73—1.0 mm. AB = 0,023—0.033. 

Biology. As far as is known all Ophyra species are highly eurytopic, requiring only a 
high rate of bacterial fermentation. Such situations usually attract large populations of 
Diptera and Ophyra most often breed with Musca, Stomoxys, various heleomyzines, 
sarcophagids and calliphorids, any of which may be devoured by the Ophyra larvae. 
Whilst many are strongly synanthropic, having been widely dispersed through com- 
merce, they act chiefly as regulators of fly populations and are thus primarily beneficial 
to man, 

Males of Ophyra are well known for their hovering habits. Whilst not primarily 
floricolous they sometimes visit flowers but are more often seen on carrion or faecal 
materials. None has been reported as a sweatfly but their clear predilection for foul 
environments has led to the suspicion that they may transmit diseases, especially in 
warmer climates. 

From a biological viewpoint this is one of the better-known muscid genera as 
information is available on the biology of 8 of the 16 described species. 

Affinities. Hennig regarded Ophyra and Hydrotaea as being very closely related and 
noted that some non-Holarctic species could be allocated to either genus. Amongst the 
Palaearctic species the simple front femora of male Ophyra distinguishes them from 
the ornamented ones of Hydrotaea, where however a whole range of ornamentation is 
found. In some Ophyra the pdc is much longer than the pvc, as in many Hydrotaea 
s.str., presumably an advanced character. Also, they often have similarly enlarged 
pupal respiratory horns. However, they share with sg. Hydrotaeoides the unspecialised 
feeding habits and the trimorphic larval stage. 

Ophyra thus appears to occupy a transitional position between the unspecialised 
trimorphic sg. Hydrotaeoides and the more specialised dimorphic Hydrotaea s.str. and 
it may be preferable to relegate it to subgeneric status. There remains however a 
problem. Why should the male front femur be simple in the ‘middle range’ of a genus 
but ornamented in the oldest and youngest sections? It may also be instructive to 
compare the front femora of all Potamia, Cryptophyra, Megophyra and Ophyra in 
this sex. In many of these there are several small stout ventral spines in the male but 
not the female. Hydrotaea perhaps arose from an Ophyra-like species in which the 
male front femoral spines were unusually well developed, and Ophyra and Hydrotaea 
may be sister groups. Until more evidence is available I prefer to regard them as such. 


106 


Apart from Hydrotaea, the closest relatives of Ophyra ate probably Cryptophyra, 
Megophyra and Australophyra. \t is better represented in warmer climates than is 
Hydrotaea. 

Distribution. A small genus occurring in most parts of the world except the colder 
regions, Several have become cosmopolitan through commerce; the New World 
aenescens has recently arrived in the Palaearctic in this way. 


Ophyra aenescens (Wiedemann) 
(figure 31) 


Ovum, Apparently indistinguishable from ignava, Length 0.9—1.2 mm (Schumann, 
1982). 86-159 ovarioles (Stein, Gal & Gerneth, 1977). 

Larva, \nstar 1: prothoracic spine band well developed, with about 7 spicular rows; 
following segments with spicules only ventrally. Cephalopharyngeal skeleton very like 
ignava but with pas straighter. Length 1—3 mm. Instar 2: cephalopharyngeal skeleton 
very like spinigera but ph relatively more elongate, the posterior cornua being much 
longer; mh shorter, not down-curved apically. Length 3.5—7 mm. Instar 3: deep yellow 
with complete anterior spine bands on all thoracic segments and abdominal segments 
1 and 2; ventral abdominal welts 2—7 with ill-defined, concolorous spicules. Anal 
plate twice as wide as medially long, with lateral wings broadly rounded apically. Anal 
region around plate densely and coarsely spiculate, with strong subanals and a small 
weak postanal (para-anals and extra-anals absent). 5—6 prospiracular lobes. Anal 
spiracles with median scar and parallel slits. 

Cephalopharyngeal skeleton as figured but left mh much shorter than right and very 
fine row of cut below anterior half of ob. Length 15 mm. An.sp. 0.23 mm, Ceph.skel. 
(0.21: 0.17; 0.71) = 1.08 mm (Schumann, l.c.). (NB. Schumann says the mature larva 
differs from capensis in the larger number of prospiracular lobes and the laterally 
rounded anal plate, and from ignava in the former character and in the absence of 
distinct para-anal papillae.) 

Puparium. Deep reddish, similar to ignava but caudal segment less abruptly truncate 
and pupal horns often very short or not exserted (stout and long in about half of speci- 
mens examined, but then red, yellowish distally). Anal spiracles concolorous to 
darker reddish. Length 5.2--5.9mm. An.sp. 0.17—0.19 mm. Ceph.skel. (0.19; 0.13; 
0.56). (0.22;0.14;0.63) = 0.96—1.00 mm. AB = 0.032—0.333 (n = 8). 

Material examined. 8 puparia imported from France to Staines, Greater London as 
bait for use by anglers, xi.79 (BMNH). (NB. The unhatched adult was dissected from 
one of these and had the characteristically yellow palpi of aenescens.) 

Biology. Since this fly arrived in Europe it has received considerable attention and 
there now exists an extensive literature. Interest has centred on its potential value as 
an enemy of Musca domestica breeding in urban refuse disposal sites. Johnson & 
Venard (1957) provide very useful data on the rearing of this species in the laboratory. 
Mating occurs on the second day after emergence and eggs were deposited 2 days later 
in masses averaging 74 per mass. At about 27°C the complete life cycle took 14 days, 
the duration lengthening above and below this temperature — 12 hours for hatching of 
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Figure 31, Ophyra aenescens: a, ceophalopharyngeal skeleton from puparium; b, caudal segment of 
puparium (lateral view); c, same (ventral view); d, detail of spiculation on ventral abdominal welt; 
e, anal spiracles. (Scales: a—d 0.244 mm; e 0.12 mm) (Orig.). 


egg, 5 days for Jarval stage, 4 for puparial stage and 4 for pre-oviposition period. 
Schumann gives the shortest duration for the life cycle, under optimum conditions, as 
8 days at 23°C. Johnson & Venard found that males lived an average of 15 days 
(maximum 18), whilst females averaged 20 days (maximum 35). The normal total 
offspring per pair varied from 276—438 (mostly 325-350). In wild they found large 
numbers of larvae and adults at a small municipal garbage dump. 

Ebsen-Lenz (1978) relates development of ovaries and duration of life cycle with 
various food media, and Mller (1982) found that duration of the third larval instar 
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was somewhat shortened when live Musca domestica \arvae were available as a protein 
source. He noted that the latter species, especially the females, suffered high mortality 
when the two species bred together. 

Stein, Gal & Gerneth (1977b) found that in winter, or in periods of intense summer 
heat, the adults stay on their food, crawling amongst it and feeding, and that the 
females especially have limited flight activity at all times. Nevertheless they are capable 
of dispersing up to 4 miles from thcir breeding sites. For a species with supposedly 
limited dispersal powers the spread of the species throughout much of western Europe 
has been remarkable. First noted by Sacca (1964) in Italy and in Spain in 1966 
(Michelsen, 1975), it appeared in Germany in 1971 (Sick, 1971) and Denmark in 1972 
(Michelsen, |.c.). During the 1970s it spread rapidly through West Germany, for Stein, 
Gal & Gerneth (1977b) stated that by that year it probably occurred in refuse tips 
throughout Germany from Bavaria to Schleswig Holstein. Also in Bergen (Norway) 
(Rognes, 1982). 

Stein & Knoll (1972) studying a refuse disposal site near Frankfurt-am-Main found 
that the populations of this species reached peak numbers in September and October, 
and subsequent workers have found that this is normal. Stein, Gal & Gerneth (1977b) 
provide data on the fecundity of the species and on certain metabolic requirements. 
The average number of eggs per female was estimated at 167 (maximum of 691) and 
it was found that eggs only developed with a good oxygen supply and at temperatures 
below 28°C. Indeed at values above this, eggs and puparia were adversely affected 
although larvae were tolerant of higher temperatures. Air humidity in excess of 50% 
favoured the puparia. 

Abdel-Gawaad & Stein (1978) found that this was the most abundant species in 
an aerobic rubbish dump in Germany, where it developed only in garbage 1-4 weeks 
old (mainly 2 weeks), and that in addition to the maximum emergence in September 
and October there was an earlier peak in June. Other genera present were Musca, 
Phormia, Lucilia and Calliphora, but these, unlike the Ophyra, were believed to be 
coming in with household waste. 

Kihlhorn (1977) provides data on biotopes of this species in Germany. Shannon & 
Ponte (1926) record this fly in abundance in kitchens in Guatemala where it behaves 
like Musca domestica as a major contaminator of food. 

Distribution. Originally a New World species, it ranges from Argentina and Chile 
north to Oregon, Illinois and New York, including Galapagos, West Indies, Nauru and 
Ocean Islands (west to Gilbert Islands) and Hawaii. In the 1960s it was casually 
imported into Europe (see above). 


Ophyra chalcogaster (Wiedemann) 
(figure 32, a—c) 


Ovum. Chorion very feebly reticulate and hatching pleats, though not prominent, 
encircling the dorsal groove. Length 0.9 mm. (After Bohart & Gressitt, 1951). 

Larva, Instar 3: ventral abdominal welts conspicuous, composed mainly of small 
spicules but each with a single row of clearly larger ones along the crests and 1—2 rows 
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Figure 32. Ophyra chalcogaster: a, cephalopharyngeal skeleton from puparium; b, puparium 
(dorsal view); c, anal spiracles of puparium; O ignava: d, puparium, showing ventral (left) and dorsal 
view (right); e, detail of spiculation on ventral abdominal welt 4; f, cephalopharyngeal skeleton 
from puparium. (Scales: a, e, f 0.20mm;c 0.24 mm; b,d 1.00 mm) (Orig.). 


of minute close-set spicules behind. Anal plate and adjacent papillae similar to capensis 
but lateral ends of anal plate more strongly deflected backwards, and front margin 
more cuved than in capensis or ignava. Region around anal plate strongly spiculate 
including preanal welt and extra-anal papillae; anal and para-anal papillae smaller than 
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in ignava but distinct from behind. Caudal segment rounded behind, the usual peri- 
spiracular tubercles obsolete; 4--6 prospiracular lobes. Anal spiracles with only outer 
edges projecting above level of perispiracular field; slits almost or quite straight, 
convergent on median scar. 

Cephalopharyngeal skeleton very like ignava but much finer, mt symmetrical, hs 
rather more elongate, ph rather variable in relative lengths of pde and pyc. Length up 
to 9mm. 

Puparium. Yellowish to light-red with fine transverse striations and often super-icial 
shagreenation giving matt appearance. Pleural sclerites and ventral! abdominal welts 
distinct, caudal segment rounded behind with at most fine close-set rugae around 
perispiracular field. Anal spiracles concolorous, distinctly smaller than in ignava, 
almost round or with long axis horizontal. Pupal horns very long and thick, down- 
curved and concolorous light red. Length 4.80-6.5mm. An.sp. 0.12-0.15mm. 
Ceph.skel. (0.18; 0.10; 0.56)—(0.23 ; 0.13; 0.73) = 0.82—1.06 mm. AB = 0.023-—0.025 
(n = 15). 

Material studied. 4 puparia, Long Pocket, Brisbane, vii.72, P.Ferrar; 1 puparium, 
Townsville, Queensland (Australia), no date, G.F. Hill (ANIC); 2d, 1° with puparia, 
Zaria, Samaru (Nigeria), viii.79, in decaying Termitomyces on Odontotermes magda- 
lenae mould in dark outhouse (BMNH); 16, 29 with puparia, 13.vii, reared on fresh 
meat, and 2 puparia 18.vii.45, reared on malt; 3d with puparia, Asan, 20.xii, reared 
from pig manure with Musca sorbens; and 12 with puparium, Asan Village (Guam), 
13.vii.45, ‘from larva in cowflap’, G.E. Bohart & J.L. Gressitt (CAS). 

Biology. Bohart & Gressitt found adults commonly on fresh cattle dung in fields, 
and observed that eggs are laid there in batches of 3-4. They regard cattle dung as the 
main larval biotope but the fly has also been reared from human faeces, rotting aquatic 
plants, dead rats, putrid shellfish, manure heaps and pig and horse dung. They found 
it bred more successfully in liver than in bread-fruit cores and that when it breeds in 
manure heaps with Musca and Stomoxys it appears more resistant to dessication than 
these species, as it frequently occupies those parts of the heap in which they pupariate. 
When about to pupariate themselves, however, the chalcogaster larvae seek rather 
moister conditions. Malformed (i.e. elongated or annulated) puparia with a high 
mortality rate result from conditions which are too dry. Fan (1957) records this fly 
breeding in garbage and dung of domestic mammals and birds, whilst Sabrosky (1949) 
and Petrova & Soboleva (1973) found larvae in poultry manure. Pont (1973a) questions 
records of chalcogaster as a tertiary sheep blowfly but records adults from houses, 
stranded kelp and human faeces, and gives carrion, garbage, fowl droppings and wet 
lawn cuttings infested with Stomoxys larvae, as breeding sites. The adults gather on 
faeces and carrion and on human foodstuffs in outdoor situations and Bohart & 
Gressitt suggest they may play as important a role as Musca sorbens in the dispersal of 
faecal pathogens in Guam. The adults occur throughout the year as far south as 
Brisbane (Pont, l.c.). 

Affinities. According to Pont (1.c.) this is most closely related to the eastern Asian 
simplex Stein and okazakii Shinonaga & Kano and to the Australian pallicornis Pont, 
more distantly to ignava (Harris) and hirtitibia Stein. 
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Distribution. Originally palaeotropical in the Old World this fly ranges from 
Mauritius northwards to Mauretania, northern India, the Shanghai district (China) and 
South Korea, and eastwards to Tahiti. Also transported by commerce to the New 
World where it is known from as far apart as Bermuda and Chile. 


Ophyra ignava (Harris) 
(figure 32, d—f) 


Ovum. Dorsal strip very narrow, parallel throughout, fading away in distal third of 
egg. Chorion distinctly reticulate throughout. Length 1.2 mm (Keilin & Tate 1930). 
About 190 ovarioles (Lobanov, 1977a). 

Larva. Instar 1: cephalopharyngeal skeleton with 42 much shorter than spinigera and 
closely resembling aenescens (as figured by Schumann, 1982) but with pas more 
strongly sinuate anteriorly. Instar 2: cephalopharyngeal skeleton very like aenescens 
(figured by Schumann) but with ms slightly down-curved apically and more obtusely 
angled posteriorly, and ph with relatively shorter posterior cornua. Instar 3: very like 
capensis, differing as follows: anal plate with lateral wings hardly narrower than the 
median area, with enlarged spines not as large; para-anal papillae, viewed from behind, 
larger than extra-anals and more enlarged than in any other Ophyra so far described. 
Anal spiracles broadly rounded, the vertical and horizontal dimensions about equal; 
respiratory slits, especially the outer ones, more strongly sinuate and distinctly con- 
vergent towards the median scar. Perispiracular field with peripheral prominences more 
obscure, so caudal segment appears more evenly rounded behind. Cephalopharyngeal 
skeleton with basal part of mh narrower, dorsal tooth on hs weaker and anterior edge 
of da not reaching forwards to level of foremost part of ph. According to Keilin & 
Tate the cephalic oral grooves extend to dorsal surface and there are 12 rows of 
spicules on prothoracic spicular band. See also Zimin (1948). (NB. Since many of the 
above chatacters vary they should be taken in combination.) Length up to 11 mm. 

Puparium, Large, strongly parallel-sided medially, acuminate proximally, truncate 
distally; segmental boundaries very clearly defined and cuticle coarsely cross-striate; 
ventral abdominal welts distinct on segments 2 to 7, composed of 1 to 3 rows of large 
crowded spicules. Anal region coarsely spiculate and distinctly protuberant but plate 
similar in shape to mature larva; peripheral papillae indiscernible. Caudal segment with 
strong coarse cuticular folds encircling the perispiracular field but not forming a 
carinate rim around it. Anal spiracles large, with slits arranged as described under Jarva 
(above), separated by at most the width of one. Pupal respiratory horns massive, 
obscure reddish or blackish, with numerous spirally arranged papillae. Length 7.02— 
733m. Ansp. 0.17 0.18mm. Ceph-skel. (0.22; 0.13; 0.81)—(0.23; 0.14; 0.85) = 
1.16—-1.22 mm. AB = 0.024 (n = 3). 

Material studied. 16 with puparium, ‘C.E.F.’, 25.viii.10, from cow manure (CNC), 
19 with 2 puparia, Firbeck, South Yorkshire (England), 28.vii.65, in manure heap, 
P, Skidmore (MAGD). 

Biology. Generally known as leucostoma (Wiedemann). From available information 
it appears that in Britain there are usually 3 emergences of adults annually (June, 


112 


August and October) but the last brood may sometimes, in northern England and 
perhaps always in northern Scotland, be deferred until the following spring, so that 
only 2 emergences occur. Graham-Smith (1916) found that the flies began to emerge 
from the ground in spring when mean soil temperatures below the surface reached 
58°F. The duration of the life cycle has not been ascertained but in South Yorkshire 
the summer brood takes some 4—6 weeks. Records of adults in Britain suggest peak 
populations occur in autumn. 

Hennig (1962) referred to Reiff & Weiniger’s (1953) observation that larvae which 
had fed on Calliphora larvae pupariated sooner than those which had fed sapro- 
phagously, and he suggested the pupation hormone of Calliphora may play a role here. 
O.ignava larvae are highly carnivorous in the final instar and their very robust mouth- 
parts enable them to attack such larvae as Lristalis, Calliphora and possibly even 
Fannia, Greenberg (1971) records ignava as a frequent predator on Musca domestica, 
sometimes greatly reducing its numbers. 

O.ignava develops in numerous media and has very similar habits to Mydrotaea 
dentipes, with which it often occurs. S¢guy (1923) records larvae from a dead rat in 
April and May, from dung in ploughed fields and from nests of swallows and House 
Sparrows. Graham-Smith found puparia under 3 inches of soil near a manure heap on 
March 28, the adults emerging indoors from April 4-22. Keilin & Tates’ specimens 
were from a dead Guinea Pig but they recorded it from human and canine corpses on 
the European battle fields. [ have reared it from larvae found in a silage/manure heap 
at Firbeck (see above) with numerous Syritta pipiens (L.) larvae. On 2.ix.65 I found 
a teneral female on a dead sheep at 1500 ft on Lliwedd (north Wales) with puparia of 
Lucilia and Phormia terrae-novae (R.-D.), whilst at Wroot, Llumberside (England) in 
August, 1972 adults were emerging in quantities from rotting algae dredged from a 
land drain some weeks earlier. I also saw females laying on putrifying dogfish and 
rabbit skins in a Manchester suburb in July 1963 with Lucilia caesar (L.), Phormia 
terrae-nova (R.-D.), Calliphora, Muscina stabulans (Fallén), Piophila vulgaris (Fallén) 
and Hydrotaea dentipes (F.). Other recorded media include pig dung, human faeces 
and old carrion (Keilin & Tate), human corpses at the phase of ammoniacal fermen- 
tation (Easton & Smith, 1970), liquid and semi-liquid substrates in cess-pits, tips and 
lavatories (Zimin, 1948), pigeon droppings (W.J. Fordham notes), slaughterhouses 
(BMNH), public privies near temples (Park, 1977), mink and chicken dung (Coffey, 
1966), and rotting foodstuffs including bad eggs and cabbages (Kirchberg, 1958). High 
levels of fermentation are a major requirement and Richardson (1916) noted that it 
was strongly attracted to Ammonium carbonate and ammonia resulting from decaying 
organic matter. 

Séguy records Nasonia brevicornis Ashmead and Alysia manducator (Panzer) from 
ignava puparia, whilst Hobby & Smith (1961) record Lmpis tessellata F. preying on 
the adults. 

Repelled by the shade (Graham-Smith, l.c.; Keilin & Tate, l.c.) the adults abound 
in bright sunshine, the males hovering in small swarms or visiting attractants like 
honeydew on Salix (Tiensuu, 1936) and Acer pseudoplatanus, and Umbelliferae 
flowers (Liebermann, 1925), whilst Hobby (1931) records a female sucking a 
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Copromyza equina (Fallén). Pajunen (1982) suggests that the swarming habits of the 
male suggest some territorial behaviour. 

Greenberg regards this as a hemi-eusynanthropic fly, whilst Kirchberg (1.c.) suggests 
a possible disease-carrying role. 

Distribution, A native of the Old World and the only OpAyra occurring naturally in 
the cooler climates of the North Temperate region, although it only extends mar- 
ginally into the coniferous zone. As far as is known its northern limits extend from 
Perthshire (Scotland) through Jamtland (Sweden) and central Finland across the 
north-central parts of the Soviet Union to Manchuria, South Korea and Japan. South- 
wards it reaches Azores, Madeira and across North Africa (Morocco to Cyrenaica), 
through Syria and Tadzhikistan to Szechwan (China). Further south it is replaced by 
related species (capensis, chalcogaster, spinigera). In the New World it occurs from 
British Columbia and Newfoundland south to Venezuela. Presumably a controlling 
factor against northward expansion of the range is the spring emergence threshold 
temperature alluded to by Graham-Smith (see above). 


Ophyra capensis (Wiedemann) 
(figure 33) 


Larva, Instar 3: deep yellow with ventral abdominal welts weakly protuberant. 
Head about one-third length of prothorax with oral grooves ending on lateroventral 
surfaces. Prothoracic spine band occupying about anterior eighth, made up of tiny 
spicules arranged in 5—7 short interrupted rows, similar spine bands on meso- and 
metathorax and on first two abdominal segments, but on later segments there are 
fewer rows; on segments 3 and 4 spicules rather broad and larger, in 2—3 rows dorsally, 
but laterally and ventrally the number of rows increases; ventra] abdominal welts 1—7 
protuberant anteroventrally and each having an anterior row of small spicules followed 
by a regular row of much larger ones running along the crest of the welt; this in turn is 
followed by irregularly placed teeth of only slightly smaller size and finally by a long 
line of very minute spicules marking the posterior margin of the welt. Hind margins of 
abdominal segments, just in front of succeeding welts, with notched processes and 
rows of extremely tiny spicules. Thoracic and anterior abdominal segments with deep 
prolonged pits and coarse wrinkles along posterior amrgins. Pleural sclerites broad, 
convex and with reticulate shagreenation. Caudal segment with 8 slight perispiracular 
elevations surrounding the more flattened perispiracular field which is marked with 
faint concentric pits or furrows. Anal plate with lateral wings much narrower than the 
median part and reaching to base of para-anal papillae; anal papillae hardly projecting. 
Periphery of anal plate with rather poorly developed papillae but entire surface 
covered with large spines. In posterior view para-anals almost invisible but subanals and 
extra-anals moderately exerted; 4 prospiracular lobes. Anal spiracles strongly exerted 
and very large, separated by about half the width of one, rather strongly oval with long 
axis vertical; slits foot-shaped, almost straight, upper and lower ones parallel, median 
very slightly converging inwardly towards lower one; scar median. 

Cephalopharyngeal skeleton narrow and rather small; ds rather large and irregularly 
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Figure 33. Ophyra capensis: a, cephalopharyngeal skeleton from puparium; b, detail of spiculation 
on ventral abdominal welt; c, posterior end of puparium (dorsal view); d, anal plate and pre-anal 
welt of puparium; e, anal spiracles. (Scales: a, b, ¢ 0.244 mm; c 0.61 mm, d 0.5 mm) (Orig.). 


shaped, ds elongate with triangular dorsal tooth; ph with pyc much shorter and deeper 
than pdc, with triangular dorsal tooth, anterior margin of da level with front margin of 
ph; sm conspicuous. See also Zimin (1948). (NB. In Cuthbertson’s figure aco omitted.) 
Length up to 14mm, 

Puparium. Similar to ignava, differing mainly in shape of anal plate, anal spiracles 
(i.e. their separation and orientation of slits) and in the more projecting da. Length 
5.88—7.00 mm. An.sp. 0.15—0.16 mm. Ceph.skel. (0.20; 0.15; 0.73) = 1.08 mm. AB = 
0.023—0.025 (n = 3). 

Material studied. 36 with puparia, Walsingham Poultry Unit, Bathurst district 
(South Africa), (33°34'S 26°43’E), em. 10.vii.80, F' in Lab., from field-collected 
larvae, P.E. Hulley (RU). 

Biology. Classed by Greenberg (1971) as hemisynanthropic to eusynanthropic, the 
biology of this fly is very like ignava but its distribution suggests the threshold tem- 
perature for activity in capensis is much higher than in that species. Hennig (1962) 
suggests that Reif & Weiniger were perhaps referring to ignava when they stated that 
the present species bred with Calliphora, reaching maturity more rapidly when preying 
upon these than when taking a purely saprophagous diet. O. capensis has been 
recorded as breeding in human faeces, carrion (dead Rorqual and various rodents), 
dead locusts and nests of various mammals and birds (ie. house sparrows) (Seguy, 
1923). Meade (1881) found great numbers of adults on a hawthorn hedge beside a 
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bone mill in Buckingham (England), in late June, whilst Schiner (1862) found 
numerous specimens near a dead horse. It has been noted that this species, along with 
ignava, invades corpses after Calliphora and Muscina but before the phorids (Easton & 
Smith, 1970). According to Hennig (1962) it is rarely recorded before the sixth day 
after death. 

In Britain this fly was until recently a great rarity (Assis-Fonseca, 1968), but it has 
taken advantage of changed methods of poultry farming so that it is now generally 
common in poultry battery farms where it breeds with ignava, Musca domestica, 
Muscina stabulans and Fannia canicularis (Conway, 1970; M. Jeffries, pers.comm.) Of 
course, the temperature in these batteries is artificially high, and indeed in Britain 
capensis has not positively been recorded breeding out-of-doors. An interesting series 
of specimens in the British Museum collection emerged during December 1924 from 
the head of a dead Rorqual Whale sent to the Museum some months previously from 
the Outer Hebrides. It is not clear whether infestation occurred in London or at the 
collection site but presumably the former. 

Distribution. The most widespread Ophyra, this ranges from Capetown northwards 
to northern England (perhaps the Outer Hebrides), and the Oslo arca, castwards 
through Tadzhikistan to China, though Hennig suggests that records from China may 
refer to O. obscurifrons Sabrosky only. In Europe it is commonest in the Mediterranean 
countries, becoming very much scarcer and increasingly eusynanthropic northwards. 
In the New World the range extends from New York to Chile, but its occurrence in 
these areas is probably due to commerce, as it is originally an Old World species. 


Ophyra spinigera Stein 
(figure 34) 


Larva. \nstar 1: cephalopharyngeal skeleton with oral sclerites relatively much 
longer than in ignava (according to Keilin & Tate’s figure), and pas longer and less 
curved, Instar 2: cephalopharyngeal skeleton similar to ignava but mh more angularly 
bent distally. Instar 3: bright yellow, perfectly smooth except for complete anterior 
spicule bands on thoracic segments (about 6—7 rows of serrations). Abdominal seg- 
ments with ventral welts as in other Ophyra but without spicules on dorsal surface of 
any segment. Caudal segment rather abruptly truncate with 8 large undulations around 
perispiracular field whence 8 ridges run forwards towards base of segment giving a 
fluted appearance. Anal region densely spiculate, subanal papillae more conspicuous 
than extra-anals, para-anals weak but postanal well developed; 4—7 prospiracular lobes. 
Anal spiracles on raiscd bosses of finely striate colourless chitin surrounded by the 
slightly concave perispiracular field; spiracles themselves sharply tilted inwards, round- 
quadrate with slits nearly straight, slightly convergent towards median scar. See also 
Fan (1957). 

Cephalopharyngeal skeleton finer than in ignava with pvc and pdc of equal length 
or former very slightly shorter. Length up to 10 mm (n = 50). 

Puparium. Chiefly recognisable by the arrangement of papillae around anal plate 
(see above), the slightly posterodorsally placed anal spiracles which are wholly visible 
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Figure 34. Ophyra spinigera: a, cephalopharyngeal skeleton of first instar larva; b, same of second 
instar larva; c, same, of mature larva; d, caudal segment of mature larva (lateral view); e, same 
(posterior view), showing details of spicules at higher magnification; f, anal spiracles of mature 
larva. (Scales: a 0.024 mm; b 0.05 mm; c—e 0.244 mm; f 0.12 mm) (Orig.). 


from above, not largely hidden in a perispiracular hollow and the rather fine cephalo- 
pharyngeal skeleton. Length about 6.00 mm. An.sp. 0.18 mm. Ceph.skel. (0.24; 0.17; 
0.75)-(0.26;0.19; 0.82) = 1.11—1.22 mm. AB = 0.030 (# = 3). 

Material studied. 50 larvae (14 instar 1, 21 instar 2, 15 instar 3), and 3 puparia, 
from cadaver, Beenleigh, Queensland (Australia), xi.73, coll. Moorhouse (BMNH). 

Biology. Also known as nigra (Wiedemann). Recorded breeding in manure heaps 
and dung in latrines (Kobayashi, 1919; Illingworth, 1926), dead cats (Buxton & 
Hopkins, 1927), offal (Bezzi, 1928), this was first reported as a tertiary sheep blowfly 
in Australia by Froggatt (1919). This last record was questioned by Fuller (1932) but 
Pont (1973a), who fully discusses the biology, suggests spinigera may have been partly 
involved. He says the biology is very similar to ignava. 

According to Shinoda & Ando (1938) the fly is active in temperatures of 20°C, 
with an optimum at about 26°C. Kobayashi records it as a common fly in houses in 
Japan from May to July and suggests it may be of importance in disease transmission. 
According to Greenberg (1971) it mainly breeds in carrion and manure, pupariating in 
moist situations, and is a facultatively communicative hemi-synanthrope. 
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Affinites. According to Pont (l.c.) most closely related to O. capensis. 

Distribution. Eastern Old World tropics, from Sri Lanka and Bombay east to Vladi- 
vostok, New South Wales, Fiji and Hawaii. A recent coloniser in Hawaii, probably 
imported by commerce from the Orient (Greenberg, l.c.). 


Genus Hydrotaea Robineau-Desvoidy 
(figures 35-41) 


Ova, Musca-type with carinate hatching pleats. Length 0.8—1.0mm. 17-150 
ovarioles. 

Larvae. Trimorphic facultative to dimorphic obligative carnivores. Instar 1: see 
under irritans. Instar 2: cephalopharyngea) skeleton with very long mA right-angularly 
bent distally. Instar 3: thoracic segments usually with complete anterior spicule bands 
and these sometimes complete on abdominal segments 1 and 2. Ventral abdominal 
welts with a few rows of large spicules bounded in front and behind by much finer 
ones, or with numerous rows of very minute ones. Cuticle smooth or distinctly 
longitudinally aciculated, caudal segment with 8 low perispiracular elevations (see sg. 
Hydrotaeoides), squamose or radial rugosities or, rarely, smooth with perispiracular 
furrow (sce sg. Alloeonota). Anal plate often with posterior series of papillae complete, 
these sometimes partially spiculate; 3—10 prospiracular lobes. Anal spiracles small to 
large, slits straight to slightly sinuate, parallel to convergent; scar median (inferior in 
sg. Hydrotacoides). 

Cephalopharyngeal skeleton varying in degree of sclerotisation; floor of ph exten- 
sively clear with distinct sm in sg. Hydrotaeoides and Alloeonota and pde and pve 
symmetrical; in most Hydrotaea s.str. ph uniformly sclerotised, sm absent and pdc 
often much longer than pvc. Oral sclerites fairly constant but a very weak mac some- 
times present (see sg. Hydrotacoides). Hs sometimes with strong dorsal tooth. Armature 
generally much finer in Hydrotaea s.str. than in sg. Hvdrotaeoides. Length up to 
16mm. 

Puparia. Apart from intraspecific larval differences the chief diversity is in the 
length of the pupal horns which are very long and thick in some Hydrotaea s.str. 
Length 3.27—9.1 mm. An.sp. 0.05—0.20 mm. Ceph.skel. 0.76—1.23 mm. AB = 0.008- 
0.039. 

Biology. One of the better-understood muscid genera, something being known of 
the biology of a large range of species. A heterogeneous genus with mainly eurytopic 
trimorphic species and stercoricolous or humicolous dimorphic ones. All final instar 
larvae are carnivorous, some strongly cannibalistic (Robinson & Luff, 1976). 

The trimorphic Hydrotaea develop mainly in situations of high bacteria] fermen- 
tation with saprophagous calliphorids and muscines, and, like Ophyra, exert a controll- 
ing influence on fly populations in such places. Again, like Ophyra, they can reach 
maturity on a purely saprophagous diet, and do not therefore need live prey in order 
to complete their development. Lobanov (1970a) suggests they are mostly bivoltine 
in North Temperate regions. 
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The dimorphic species of Hydrotaea s.str. may require live prey (i.e. other larvae) to 
reach maturity and I have known a/bipuncta larvae survive for several months when 
denied such food. These species are probably uni- or bivoltine throughout the Hol- 
arctic, where the subgenus is most numerous. 

Adults of Hydrotaea s.str. are mostly sweattflies with a preference for mammalian 
blood (Makhan’ko, 1972a, b);#. irritans and its close relatives have enlarged prestomal 
teeth similar to those of some Musca species, enabling them to reopen healing wounds, 
whilst the more primitive meteorica, lacking these specialised features, can only sip 
uncongealed blood. Haematophagy was clearly acquired early in this genus, for even 
the unspecialised dentipes is attracted to blood, although it is not a sweatfly. As a 
result of these habits many //ydrotaea are thought to be implicated in the transmission 
of pathogens. 

All known Hydrotaea exhibit marked sexual dimorphism and males of many species 
hover in small swarms like syrphids, fanniids etc. 

Affinites. A large genus dividing conveniently into two major groups (sg. Hyvdro- 
taeoides and Hydrotaea s.str.) and one minor onc (sg. Alloeonota). Hydrotaea s.str. has 
dimorphic larvae whilst the others have trimorphic larvae. I have retained Ophyra as a 
distinct genus with reservations. It is undoubtedly very close to the trimorphic section 
of Hydrotaea. 

Considerations of distribution, trimorphism, larval morphology and ecology support 
the assertion of Hennig (1962) that the dentipes group, here raised to subgeneric status 
as Hydrotaeoides, is the most primitive section of the genus. On ovipositor mor- 
phology, Lobanov (1973) divides Hydrotaea into a spined group (dentipes etc.) anda 
spineless group (irritans etc.); H.diabolus forms a third monospecific group. It will be 
noted that Lobanov placed 5 species in his spined group which [ am including in 
Hydrotaea s.str. (i.e. basdeni, armipes, meteorica, pilipes and tuberculata) where they 
appear to be amongst the oldest members. Lobanov’s spineless species whose larval 
stages are known all belong to Hydrotaea s.str. as here understood. 

Distribution. This genus is widely distributed with many Hydrotaeoides occurring 
in the Holarctic and Neotropical regions. Hydrotaea s.str. and Alloeonota are mainly 
Holarctic but the former is represented also in Australia (see australis). 


Subgenus A/lloeonota Schnabl & Dziedzicki 
Hydrotaea {Alloconota) diabolus (Harris) (bimaculata (Meigen)) 


Ovum. Indistinguishable externally from H.dentipes, 80 ovarioles. 

Larva, Instar 3: large, entirely smooth, glossy maggot without longitudinal acicu- 
lations. Anal region with all papillae conspicuous and densely spiculate. Caudal 
seginent wholly smooth behind, without perispiracular protuberances, but with narrow 
groove encircling the spiracular bases; 5-6 prospiracular lobes. Anal spiracles rather 
large, oval, with long axis vertical; slits convergent, median horizontal; scar median. 

Cephalopharyngeal skeleton with pyc and pdc symmetrical, former without distinct, 
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angular dorsal tooth. Ph narrowly translucent ventrally but Lobanov (1965) does not 
state whether sm is present. Length up to 16mm (Lobanov, 1965). 

Biology. An aberrant species, not breeding in putrifying matter like dentipes or 
mammalian dung like so many other Hydrotaea, and, despite Hennig’s assertion that 
Perris (1877) mistook this species for armipes (as occulta) when claiming that it bred 
in humus soil, this in fact is the normal larval habitat. In Britain the species appears to 
be bivoltine, flying from late April to early June, and again in August and early 
September. It favours damp bushy places where the males hover in small groups in 
sheltered situations. 

Affinities. Lobanov (1973) notes that the ovipositor is of a modified spineless type 
in which the tergal chitinised strips are parallel to the base of the subapical tergite, 
whilst the first sternite of the ovipositor is apically bilobed. In the female also the 
frontal triangle reaches the middle of the frons (Hennig, 1962). The front intra-alar 
is absent (Huckett, 1965) and Pont (1973a) notes that there are hypopleural hairs on 
the beret in Alloeonota (as in Australophyra). 

The anal spiracles of the mature larva are large, suggesting trimorphism, but the pve 
lacks a dorsal tooth; this combination is otherwise unknown in the Azeliinae. Only one 
other described Alloeonota species, the Nearctic cressoni Malloch. 

Distribution. Holarctic;southern France north to Aberdeen (Scotland) and Lapland, 
east through northern Jugoslavia and Romania to the southern Urals. In North America 
occurs as far north as Fairbanks (Alaska) and Aklavik, N.W.T. (Canada), and it has 
been recorded from east Greenland (Huckett, 1965a). 


Subgenus Hydrotaevides new subgenus 
(figures 35-36) 


Type-species: Hydrotaea dentipes (Fabricius) 


The adults of this subgenus have long been recognised as a fairly discrete group of 
Hydrotaea, There is a distinct frontal stripe in the male with fronto-orbitals extending 
back to the ocellar triangle; the presutural acrostichals are almost as long and strong 
as the presutural dorsocentrals and the discal and median veins converge towards the 
wing margin. The male front femora are ventrally dentate and the female ovipositor 
is of the spined type. The venational character was used by Meade (1883) to subdivide 
Hydrotaea and has been used by Huckett (1965a) for the Nearctic species. 

Hennig (1962) defined the dentipes group as his group 1, containing the oldest 
elements of the genus as shown by the unspecialised larval and adult habits and its 
occurrence in the Neotropical Region. I had reached the same conclusion from the 
structure of the larval mouthparts which suggest a position between Hydrotaea s.str. 
and Potamia. Judged by the range of characters shown in the Hydrotaeini, Hydro- 
taeoides is closer in many respects to Potamia than to Hydrotaea irritans, and | 
take it to be the oldest section of Hydrotaea s.1. 

In all aspects Ophyra and Hydrotaea appear to merge: Ilennig (1962, 1965) states 
that some non-Palaearctic Ophyra may be better regarded as belonging to Hydrotaea. 
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In the structure of the larval mouthparts Ophyra and Hydrotacoides are not separable 
generically, although in some of Ophyra, but not Hydrotaevides, there is a trend 
towards elongation of the pde in relation to the pve (which also occurs in Hydrotaea 
s.str.). 

All known Hydrotaeoides larvae are trimorphic facultative carnivores like Ophyra. 

Hydrotaeoides species occur throughout the Holarctic and Neotropical Regions but 
have not yet been definitely recorded from the Old World tropics. 

Lobanov (1973) shows that the dentipes group of Hennig belongs to his spined 
group of Aydrotaea, along with the 5 additional species which I mentioned earlier but 
which I am including in Hydrotaea ss. 

According to Hennig (1962) the following world species belong in this subgenus: 
Holarctic H. dentipes (F.), anxia Zett., and palaestrica (Mg); Palaearctic similis (Mcade), 
cyrtoneurina (Zett.), cyrtoneura Séguy; Nearctic cristata Malloch and houghi Malloch, 
Neotropical nicholsoni Curran, villosa Stein, nubilicosta Malloch and ecvaneiventris 
(Macq.). Pont (1975) also states that his H. kashmirana belongs here, very close to 
similis. 


Hydrotaea (Hydrotaeoides) dentipes (Fabricius) 
(figure 35) 


Ovum, Length 1.0mm. About 140—150 ovarioles. 

Larva. Trimorphie facultative carnivore. Instar 1: undescribed. Instar 2: cephalo- 
pharyngeal skeleton like H.irritans but more heavily sclerotised (esp. base of ds) and 
ph more elongate. Length up to 5.45 mm (n = !2). Instar 3: cuticle very smooth and 
glossy except along the coarsely punctate, segmental hind margins. Head with oral 
grooves reaching sides, oral margin with 5—6 anterior prestomal teeth on each side. 
Prothorax with numerous rows of tiny spicules encircling anterior quarter; meso- and 
metathorax with up to about 5 ranks of spicules arranged in short arcuate rows. 
Abdominal segments 1 and sometimes 2 with similar complete anterior spicule bands 
(mediodorsally with 1—2 rows on segment 1, 1 row on segment 2) but subsequent 
segments with spicules restricted to the ventral welts. On segments 2-7 these with 
2-3 rows of large spicules preceded by scattered minute ones and followed by 1—2 
ranks of short arcuate serrated rows. Caudal segment with usual 3 dorsal grooves, and 
with 8 distinct perispiracular elevations surrounding the finely concentrically wrinkled 
perispiracular field. Anal plate short, expanded medially and laterally and weakly 
curved in front, extending to bases of para-anal papillae: all papillae of anal region of 
almost equal size but only postanal spiculate, like pre-anal welt; anal papillae barely 
visible; 6—8 prospiracular lobes (usually 7). Anal spiracles ovate, reddish brown, 
strongly raised and separated by about the width of one; slits nearly straight, almost 
parallel, sloping diagonally towards inferior scar. Pupal horns very short. 

Cephalopharyngeal skeleton massive, mh weakly curved, right one longer and 
blunter than left; mac weak but distinct; ob and ar reaching apex of mh, Hs with 
distinct dorsal tooth. Ph with broadly translucent floor and distinct sm; pde and pre 
symmetrical or nearly so (latter may be fractionally longer than former), pyc with 
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Figure 35. Ifydrotaea (Hydrotaeoides) dentipes: a, cephalopharyngeal skeleton of second instar 
larva (lateral view); b, same (ventral view); c, cephalopharyngeal skeleton from puparium,; d, 
mature larva (Jateral view); e, detail of spiculation on prothoracic spine band; f, detail of spiculation 
on mesothoracic spine band; g, puparium, showing dorsal view (right) and ventral view (left); h, 
caudal segment of mature larva (posterior view); i, same (ventral view); j, detail of spiculation on 
ventral abdominal welt (lateral view); k, anal spiracles of mature larva. (Scales: a—c 0.2mm; d, g 
1.0mm;e, f 0.12mm;h, i, k 0.244 mm;j 0.5 mm) (Orig.). 
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distinct subapical fenestra. See also Keilin (1917) and Zimin (1948). Length up to 
13.6 mm (” = 386). 

Puparium, Rather similar to P.Jittoralis but cuticular striations much finer and with 
ventral abdominal welts less coarsely spiculate. Anal plate and para-anal papillae 
clearly visible, not spiculate. Caudal segment with faint perispiracular cuticular folds 
and dorsal muscle scars faintly impressed. Anal spiracles orange, much smaller than in 
littoralis, slits parallel, directed diagonally towards inferior scar. Length 6.24—7.41 mm. 
An.sp.- 0.12—0.15mm. Cephskel. (0.23; 0.13; 0.63){0.26; 0.17; 0.80) = 1.01- 
1.23 mm. AB = 0.019—0.020 (n = 4). 

Material studied. 398 larvae (12 instar 2, 386 instar 3), Ayr (Scotland), 12.ix.79, 
from deep litter of chicken farm, R. Titchener; 1¢ with puparium, Crossland Moor, 
South Yorkshire, em. 27.iv.63, from dead sheep, C. Johnson; 3° with puparia from 
soil at roots of Sambucus nigra L.; 3 puparia, Gibralter Point, Lincolnshire (England), 
viii.65, found under dead seal on foreshore, P. Skidmore (MAGD). 

Biology. According to Portchinsky (1911) females lay 170—200 eggs from late 
March in decaying animal and vegetable matter and the third instar larvae are highly 
predatory. This instar is reached a day or two after the larvae hatch and the larval stage 
in summer occupies about a week, the puparial stage a further two or three weeks. 
Thomsen & Hammer (1936) found that at 16—28°C. the metamorphosis in Denmark 
took 23 25 days. Lobanov (1970a) however found that peak populations of dentipes 
around Ivanovo (Soviet Union) occurred in June and late July through August, from 
which he assumed there were two generations annually. Cuny (1978) found a very 
similar periodicity in Switzerland. 

H. dentipes breeds in a wide range of media including dung of pig, horse, cow and 
man (Zimin, |.c.). Thomson & Hammer (1.c.) record it from cow and horse dung both 
indoors and in pastures but the latter is very unusual. I have only once seen dentipes 
females visiting cowpats, in the Hallormstadaskdégur birchwoods (eastern Iceland) with 
Myospila meditabunda and Scathophaga sterocoraria where other attractants for a 
‘filth-loving fly’ like dentipes were absent. Lobanov (l.c.) gives only one record of 
rearing this fly from cowpats and gives as more usual habitats rubbish dumps, cess- 
pools, carrion, fungi, plant refuse and rabbit dung, and pig, horse, calf and fowl 
manure, Portchinsky (1.c.) records larvae from dead nestlings and other carrion, whilst 
I have found them in manure heaps, and dead seals, sheep and Roe deer. Flies recorded 
breeding with dentipes include species of Ophyra, Muscina, Musca, Polietes, Myospila, 
Fannia, Calliphora, Phormia, Lucilia, Sarcophaga, Piophila. They are attacked by 
larvae of Muscina stabulans and Polietes domitor (see Portchinsky, 1911) and para- 
sitised by Alysia manducator Pz. (Braconidae), Kleidotoma spp. (Eucoilidae), Figites 
spp. (Figitidae) and Atractodes spp. (Ichneumonidae) (Hennig, 1962). They devour 
larvae of Musca domestica and Stomoxys calcitrans, amongst others, and Portchinsky 
knew of instances around Leningrad of these flies having been eradicated by dentipes 
and Myospila meditabunda, 1 myself noted an instance of this in Wales in a medieval 
cess-pit at Hen Domen; immediately above a stratum containing Musca and Stomoxys 
was one in which dentipes only was found. Attempts at biological control of 
Haematobia in Australia, using dentipes have been unsuccessful (Mackerras, 1932). 
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H.dentipes larvae may pupariate in the larval pabulum but often seek a safer site. 
Thus at Gibralter Point (see above) the seal lay on the foreshore, about high water 
mark and only larvae were found in the corpse, the puparia being found in the sandy 
substrate, down to a depth of some 6cm. In contrast larvae in dead sheep in a moor- 
land area pupariated just below the skin. 

Despite the abundance of this ubiquitous holarctic fly, its role in human hygiene is 
uncertain, hinging essentially on claims by Portchinsky and Séguy (1923) that it never 
enters buildings and that it is not a sweatfly. Clearly, although it breeds in foul situ- 
ations, its role should be minimal if these assertions are correct. Despite reports to the 
contrary (e.g. Lindroth in Nielsen et al., 1954), dentipes cannot be regarded as a 
sweatfly although it may casually alight on humans and will sip blood should the 
opportunity arise (Makhan’ko, 1972a, b). Regarding its entry into human dwellings, 
which I personally have never seen, there is ample evidence of such intrusions: Lobanov 
(l.c.) claims that it is common in houses throughout its range. Thomsen & Hammer say 
it has a special liking for houses and sheds, but this comment, along with Lobanov’s 
may refer to entirely rural situations. 

Greenberg (1971) regards dentipes as a hemi-synanthrope which is mainly associ- 
ated with man living in rustic conditions. He points out that whilst it breeds in offal 
and latrines, and favours masses of human faeces lying on sandy substrates, it does 
no harm to man; in fact, it benefits him by destroying some of his most offensive 
insect enemies. Kirchberg (1958) is reluctant to provide dentipes with such favourable 
credentials, stating that it is a communicative cusynanthrope of probable significance 
in human hygiene. 

The adults have been recorded as the prey of Fmpis tessellata (F.) (Hobby & Smith, 
1961) and Philonicus albiceps (Mg.). They abound on vegetation and numerous 
flowers including Umbelliferae (Cuny, l.c.), dung etc. 

The time of appearance of adults in northern Europe is from late March (pers.obs. 
in northern England, and Portchinsky for Leningrad area) or April (Tiensuu, 1947) to 
November or December (pers.obs. in northern England). Winter is normally spent in 
the larval or puparial state (Graham Smith, I.c.), but according to Thomsen & Hammer 
(.c.) adults may also overwinter in buildings. The number of generations annually is 
not known with certainty in any part of the range, although Lobanov and Cuny found 
a bimodal curve for adult populations through the year which caused them to suggest 
bivoltinism. In England the very long flight period suggests more generations annually, 
perhaps not less than 4. 

Affinities. See above under the subgenus. 

Distribution. H. dentipes is one of the most ubiquitous of Holarctic muscids, 
ranging from Azores through Algeria, Tadzhikistan and north India to central China, 
north to Kamchatka, Vorontzovo (c.58°N) (Sytchevskaya, 1974), northernmost 
Scandinavia and Iceland (Hennig, 1962). In the Americas it ranges from Kotzebue 
(66°N, Alaska), Norman Wells (N.W.T.) and Fort Chimo (Quebec) in Canada (Huckett, 
1965a), south to Chile (Pont, 1972c). It apparently avoids the subartic tundra and 
desert regions. 
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Hydrotaea (Hydrotaeoides) anxia (bispimosa (zetterstedt)) 
(figures 36a—f) 


Puparium, Rather large, mainly glossy, dark-reddish, very coarsely transversely 
folded throughout, with caudal segment deeply concave in lower half of perispiracular 
field, the lower surface of this, by its lower margin, being at an angle of about 45° to 
the vertical axis of an anal spiracular plate. Meso and metathorax with very fine 
spicules arranged in about 6 tiers of arcuate rows on all surfaces. Ventral abdominal 
welts distinct, with 1—4 rows of large spines, the number decreasing laterally; in front 
of these large spines are 1 to 2 rows of much finer serrations extending over the dorsal 
surfaces of at least first 4 abdominal segments, as a narrow anterior spicular band. Anal 
plate irregularly and strongly corrugated, peripheral papillae very well developed, 
especially the postanal and subanals; pre-anal region coarsely rugospiculate, though 
spicules here not as large as on the ambulatory welts but consisting of about 6 rows. 
Region of extra-anal papillae sunk into sulciform lateral muscle scar from which coarse 
cuticular folds diverge in all directions, these brightly shining in contrast to the anal 
region. Behind postanal papillus a deep transverse groove floored by multispiculate 
rows forms the posterior demarcation of the anal region; 8—9 prospiracular lobes. Anal 
spiracles with slits narrow, parallel, each inclined about 40° to the horizontal axis; 
scar inferior. Length 7.5--9.1 mm. An.sp. 0.16—0.20 mm. Ph 0.84 mm. AB = 0.021— 
0.022 (n = 4). 

Material studied. 2 puparia, Copperknife N.W.T. (Canada), 9.vii.51, S.D. Hicks 
(BMNIJ); 2, same data (CNC). 

Biology. Unknown but presumably a eurytopic scavenger like dentipes. It is not a 
swealfly and the males swarm in bright sunshine; I saw such a swarm on the edge of 
dense birch scrub at Narssassuaq (west Greenland) on 12.vii.63. This interesting species 
is more cold-resistant than other Hydrotaeini, being common in boreal tundra regions. 
It is doubtless univoltine throughout its range. 

Distribution. A Holarctic high-boreal insect ranging from the northern edges of the 
coniferous forests northwards across the tundra. In the Pulacarctic it is known from 
Jamtland (Sweden) to Norway’s Nordkap, eastwards to the Kola Peninsula. The 
Nearctic range extends from the south coast of Alaska eastwards to Battle Harbour 
(c.53°N, in Labrador) and southernmost Greenland, northwards to about 70°N at 
Atavikerdluk (west Greenland), Reindeer Depot (N.W.T., Canada) and the north 
coast of Alaska. 4. anxia is therefore the only Hydrotaea known to occur widely in the 
tundra areas,where it presumably replaces dentipes. 


Hydrotaea (Hydrotaeoides) houghi Malloch 
(figure 36g, h) 


Puparium, Very similar to dentipes. Ventral abdominal welts as in that species, first 
segment with just fine serrate rows, following welts with about 2 rows of larger ones 
followed by a row of much finer ones. Pre-anal welt with several rows of strong spines. 
Anal region with distinct postanal, subanals, para-anals and extra-anals; perispiracular 














Figure 36, Hydrotaea (Hydrotaeoides) anxia: a, pharyngeal sclerite from puparium, b, puparium 
(lateral view); c, d details of spicules on ventral abdominal welts; e, caudal segment of puparium 
(posterior view); f, same (ventral view); H./H.) houghi: g, ccphalopharyngeal skeleton from 
puparium; h, anal spiracles of puparium. (Scales: a, g 0.244mm,; b 1.0mm, c, d, h 0.1 mm; e, f 
0.4 mm) (Orig.). 
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field surrounded by pronounced concentric cuticular folds; 7—8 prospiracular lobes. 
Pupal horns very short (ca. 0.13mm). Length 7.8mm. An.sp. 0.12 mm. Ceph.skel. 
(0.22; 0.14; 0.80) = 1.10mm. AB =0.015 (n = 1). 

Material studied. 1d with puparium, Hemingford, Quebec (Canada), 31.vii.25, ex 
decaying June beetles, G.E. Hammond (CNC). 

Biology. Presumably a eurytopic scavenger on rotting animal matter like dentipes. 

Distribution. Nearctic: California and Florida north to southern Alaska and 
Newfoundland. 


Hydrotaea (Hydrotaeoides) cristata Malloch 


Puparium. The specimens studied differed from the single example of houghi in 
being rather more evenly striate except around the perispiracular field. Abdominal 
segment 2 with about 3—4 rows of spicules anterodorsally but none visible on later 
segments except.on ventral welts which resemble those of houghi; pre-anal welt with 
about 4 rows of spicules. Papillae of anal region as in anxia but not as protuberant; 
6—7 prospiracular lobes. Anal spiracles chrome yellow with paler slits arranged as in 
dentipes. Length 6.7—8.6 mm. An.sp. 0.17 mm (# = 2). 

Material studied. 1? with puparium, Reindeer Depot, McKenzie Delta, N.W.T. 
(Canada), 13.vii.48, J.R. Vockeroth (CNC); 1° with puparium, Toms Village, Naknek 
Lake, Alaska (U.S.A), 7—29.vii.1919, A.J. Basinger (CAS). 

Biology. Unknown but probably like dentipes. The puparia examined were evi- 
dently from a sandy substrate as sand grains were adhering to the cuticle. 

Distribution. Nearctic: California and New Mexico to northern Alaska (U.S.A.), 
Reindeer Depot (N.W.T) and Newfoundland (Canada). 


Subgenus Hydrotaea Zetterstedt sensu stricto 
(figures 37—41) 


Ova. Closely resembling dentipes in shape and structure but of larger relative size as 
there are few ovarioles (i.c. about 15—58 according to Lobanov, 1977a). 

Larvae. Trimorphic facultative (? tuberculata) to dimorphic obligative carnivores. 
Instar 1 and 2: see under ritans. Instar 3: cuticle usually distinctly longitudinally 
aciculated, Ventral abdominal ambulatory welts consisting cither of numerous rows of 
uniformly minute spicules arrayed in very finely serrate rows, or of a row or two of 
large spines bounded before and behind with rows of tiny ones; 3--5 prospiracular 
lobes. Anal spiracles small to minute, with slits convergent to radiate. 

Cephalopharyngeal skeleton much finer than in Ophyra or Hydrotaevides and more 
uniformly sclerotised, lacking sm (except tuberculata and australis). Pvc and pdc 
symmetrical, or, more often pde much longer. At obsolete, but od still superior. 
Length up to 10 mm. 

Puparia, Of finer build than Ophyra and with relatively smaller anal spiracles but 
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like them often with very long, thick pupal respiratory horns. Anal spiracles separated 
by much more than their own diameter. Length 3.27—6.50 mm. An.sp. 0.04—0.17 mm. 
Ceph.skel. 0.75—1.01 mm. AB = 0.008-—0.039. 

Biology. The females of these flies lay relatively few eggs and the larvae usually 
hatch in the second instar, which lasts only for a matter of hours. There is some 
evidence that they may not need to feed during that instar, but after ecdysis they 
become highly carnivorous and it appears that in absence of live food they are able 
to survive without feeding for several months. With an adequate food supply there are 
probably at most two emergences of adults annually through the greater part of the 
range of the group (mainly temperate regions of the Northern Hemisphere). 

Though certain species (i.e. armipes group) may be more catholic in choice of 
breeding materials, the majority breed only in the dung of herbivores, or in humus 
soil. A. nidicola and basdeni are only known from birds’ nests, whilst the rare ringdahli 
has been reared from nests of Lasius fuliginosus (Formicidae). 

The adults, with the possible exception of the armipes group, are strongly attracted 
to mammalian exudations and those which trouble humans are usually referred to as 
sweatflies. It appears however that several are highly troublesome to cattle and horses 
but do not affect humans (i.e. floccosa group). The males of some species perform 
aerial dances in swarms similar to those of Ophyra and Hydrotaeoides. 

Affinities. This is a large group containing several diverse elements, many of which 
fall clearly into a number of a species groups. Hennig (1962) recognised 8 species 
groups within the genus, but I have separated two of these as distinct subgenera (i.e. 
Hydrotaeoides and Alloeonota). The remaining 6 species groups have been retained 
within sg. Hydrotaea s.str., although, as noted by Lobanov (1973), some of the more 
primitive ones like the armipes group, the meteorica group, tuberculata and pilipes, 
may have a closer affinity with the dentipes group (sg. Hydrotaeoides) than with 
other members of this subgenus. H. tuberculata may be a trimorphic facultative 
carnivore. The 6 species groups recognised here are: 

Group A H. armipes group (= Hennig gp. 3) 

Group BH. meteorica group (= Hennig gp. 5) 

Group C #H. tuberculata group (= Hennig gp. 7, in part) 

Group D 4. militaris group (= Hennig gp. 7, in part) 

Group EH. irritans group (= Hennig gp. 4) 

Group F #. floccosa group (= Hennig gp. 6) 

H, parva Meade, which Hennig (1962) referred to his group 8 with atrisquama 
Ringdahl, was recorded from horse dung by Michelsen (1977) without further details. 

Hydrotaea s.str. includes the most highly developed members of the tribe and it is 
interesting to note that in this subgenus a gradual loss of the atrial angle is taking 
place. 

Distribution. This subgenus is mainly found in the Holarctic, but the older species 
groups, notably the armipes and meteorica groups occur much more widely and 
extend into the Southern Hemisphere, in the Neotropical, Afrotropical and Australasian 
regions. 
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Group A. H. armipes group 


Hydrotaea (s.str.} armipes Fallén (occulta Meigen) 
(figure 37, a—c) 


Ovum, About 36 ovarioles (Lobanov 1977a). 

Larva. Instar 3: cuticle weakly longitudinally aciculated and segments delicately 
shagreened along their front edges. Head with oral grooves ending laterally. Prothorax 
smooth and shining, but rest of body, except perispiracular area of caudal segment, 
ventral abdominal welts and a narrow belt along the suture between meso- and meta- 
thorax, wholly longitudinally striate. Ventral abdominal welts covered with minute 
spicules arranged in short serrate rows (about 8—10 ranks per welt). Anal plate very 
small, barely discernible in side-view owing to enlarged bases of the para-anal papillae 
which are the largest of the peripheral papillae of the anal region; extra-anal and sub- 
anal smaller though very distinct, postanal very small, ill-defined. Perispiracular field 
rather strongly excavate, smooth; 3 prospiracular lobes. Anal spiracles very small, 
separated by about 5 times the width of one; slits ovate, convergent; peritreme 
brownish, scar median. Length 8.2 mm. (After Zimin 1948). 

Puparium, Fairly shining with longitudinal aciculations and dense transverse cuticu- 
lar striations, both becoming more distinct distally but the transverse cuticular folds 
becoming very irregular on the caudal segment which has dense longitudinal sculpturing 
radiating from the perispiracular field and very irregular carinate folds encircling it. 
Pleural sclerites and ventral abdominal welts indiscernible. Perispiracular field distinctly 
sunken. Anal plate small, about 1.5 times as wide as long, with scar of extra-anal, post- 
anal, para-anal and subanal papillae largely coalescent; 3 prospiracular lobes. Anal 
spiracles minute, separated by quite 5 times the width of one; slits very obscure but 
convergent. Pupal respiratory horns very short, about half as long as interspiracular 
distance of caudal segment. 

Cephalopharyngeal skeleton heavily sclerotised; ph very narrowly clearer ventrally 
but without sym; pde very slightly but distinctly longer than pvc, which lacks dorsal 
expansion: (mh and As missing). See also Zimin (1948). Length 5.20mm. An.sp. 
0.05 mm. Ph 0.49 mm. AB = 0.010 (2 = 1), 

Material studied. | puparium, Penrith, Cumbria (England), em. in laboratory 
18 .iii.63, ex larva in rotting grass, J.M. Nelson (MAGD). 

Biology. This species develops in a wide range of media. Hennig (1962) gives 
records of it from the fungus Boletus chrysenteron Bull., from compost, and from 
rotting seaweed, whilst J.M. Nelson (pers.comm.) has reared it from a sheep carcase. 
Beaver (1969, 1972) records armipes breeding in dead Cepaea nemoralis (L.). Accord- 
ing to Hennig (l.c.) the record of diabolus from compost in summer (Perris, 1877) 
really refers to this species, whilst Hackmann (1963a) found it to be a very casual 
xenocoenic intruder in vole burrows, presumably for the purpose of oviposition in 
moist humus soil. Michelsen (1977) records it from the nests of Starlings. 

From the very small size of the anal spiracles and the highly sclerotised pharyngeal 
sclerite lacking a sieving mechanism, it is assumed that armipes is a dimorphic obliga- 
tive carnivore. 




















Figure 37. Hydrotaea (s,stt.) armipes; a, pharyngeal! sclerite from puparium; b, puparium in dorsal 
(right) and ventral (left) vicw; c, caudal segment of puparium (posterior view); Hydrotaea (s,str.) 
basdeni; d, cephalopharyngeal skeleton from puparium; e, puparium in dorsal (right) and ventral 
(left) view; f, ventral abdominal welt of segment 7 of puparium; g. perispiracular region of 
puparium; h, anal spiracles of puparium. (Scales: a, d and f 0.244mm; b 1.0mm; c, e and g 
0.606 mm; h 0.12 mm) (Orig.). 


Adults of armipes are not known to be sweatflies. Recorded attractants include 
honeydew of Chaitophorus vitellinae Schrank on Salix phylicifolia Sm. (Tiensuu, 
1936), carrion and faeces (Gregor & Povolny, 1959, 1961). Like Qphyra and sg. 
Hydrotaeoides the males perform small aerial nuptial dances (Stein, 1903; Kramer, 
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1917; Karl, 1928). Essentially a sylvan species, Nielsen ct al. (1954) state that it does 
not extend beyond the birch zone in the mountains. 

In Britain there must be at least two emergences of adults annually for they have 
been taken from April to October (Assis Fonseca, 1968). 

Affinities. Hennig (1962) includes nidicola Malloch, ringdahli Stein and spinigera 
Stein (Palaearctic), basdeni Collin (Holarctic) and acuta Stein (Nearctic) in this group, 
whilst Pont (1975) adds nepalensis Pont and spinosa Stcin (Tibet). H. armipes (= 
occulta), which typifies the group, is an unspecialised mainly sylvan species in which 
the biology, as noted by Hennig, approaches that of dentipes. The unspecialised habits, 
short pupal respiratory horns, near symmetrical posterior pharyngeal cornu, spineal 
ovipositor and distribution (Lobanov, 1973) are all features more typical of sg. Hydro- 
taeoides than Hydrotaea s.s. but its correct assignment to the present subgenus is 
supported by the dimorphic larva. However, its characters suggest that armipes is 
amongst the more primitive members of this subgenus. 

The remaining members of the armipes group are also essentially woodland species, 
but at least three of them are much more specialised. A. basdeni and nidicola are only 
known from birds’ nests, whilst . ringdahli is recorded from nests of the ant Lasius 
fuliginosus (Latr.) (Tiensuu, 1946b), a squirrel’s drey (Jansson, in Hennig, 1962) and 
a bird’s nest in a bush, from which the fly emerged in May (Michelsen, 1977). H. acuta 
is probably a more general scavenger like armipes; it has been reared from a dead cat 
(Hennig, l.c.). 

Distribution. Holarctic: Azores and Canaries through Tunisia and Iran to Taiwan, 
north to Iceland, northernmost Scandinavia and South Korea. In the Nearctic from 
California and Georgia to Kotzebue (66° .6'N) and Eagle (65° N) (Alaska), Firth River 
(69°N) (Yukon), Kendall’s Island (70°N) and Padlei (62°N) (N.W.T.), and Hebron 
(57° N) (Labrador) southwards to California and Georgia (Huckett, 1965a). 


Hydrotaea (s.str.) basdeni Collin 
(figure 37, d—h) 


Ovum, About 17 ovarioles (Lobanov, 1977a). 

Puparium. Small and delicate, semi-translucent, pale orange-yellow, slightly to 
strongly shining with conspicuous transverse cuticular folds densest on caudal segment 
where they tend to encircle the perispiracular field. Cuticle throughout with much 
fainter longitudinal aciculations. Ventral abdominal welts 2—7 conspicuous, with 5—8 
rows of uniform spicules (largest about 0.012 mm); pre-anal welt with similar spicules 
directed forwards. Anal plate not clearly delimited but with coarse folds marking scars 
of subanal, para-anal and possibly extra-anal papillae; 3—4 prospiracular lobes. Anal 
spiracles minute, concolorous, with pale cream slits radiate; spiracles separated by 
almost 3 times the width of one. Pupal respiratory horns minute and very fine. 

Cephalopharyngeal skeleton with pde distinctly longer than pyc. Length 4.24— 
4.85mm. An.sp. 0.04mm. Ceph.skel. (0.14; 0.12; 0.51) =0.75 mm. AB = 0.008— 
0.009 (n = 4). 

Material studied. 1d, 12 with 4 puparia, Mew Lake, Algonquin Park, Ontario 
(Canada), ex nest of Kingfisher, pupated 25 .vii—12.viii.1950, D.M. Davies (CNC). 
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Biology. Only recorded from bird’s nests (Kingfisher, owls). 

Affinities. Presumably derived from an ancestral form close to armipes and resem- 
bling that species in many respects. The habits however are more specialised and the 
larva differs in several details. Whilst no doubt less ancient than armipes, basdeni has a 
wide Holarctic range and probably evolved before the major separation of the Nearctic 
and Palaearctic regions occurred. The only Hydrotaea so far examined with radiate 
respiratory slits. 

Distribution. Holarctic: widespread in North America from Quebec and Ontario 
south to Iowa and Maryland (Huckett, 1965b), but in Palaearctic known only from 
south and east England (Oxford to Durham), the Berlin and Stuttgart areas of Germany 
and the Ivanovo district (Soviet Union). 


Group B. H. meteorica group 


Hydrotaea (s.str.) meteorica (Linnaeus) 
(figure 38, a—d) 


Ovum. White, with chorion uniformally hexagonally reticulate except dorsally 
between the hatching pleats which extend almost the full length of the egg. Length 
1.0—1.1 mm (Iwasa, 1980). About 24 ovarioles (Lobanov, 1977a). 

Larva. Instar 3; yellow, with ventral abdominal welts 2—8 each with 5 or more 
transverse rows of minute spicules. Anal plate broad, transverse, ascending midway to 
level of lower postspiracular edge and without peripheral papillae or spicules; caudal 
segment smooth; 3 prospiracular lobes. Anal spiracles weakly sclerotised, separated 
by about half width of one; slits straight, convergent on median scar. 

Cephalopharyngeal skeleton with ds separate, sm absent and pvc shorter and deeper 
than pde and with conspicuous dorsal expansion. Length about 7 mm. An.sp. 0.07 mm. 
Ceph.skel. (0.16; 0.12; 0.52) = 0.76 mm (Iwasa, 1980). 

Puparium, The distinctive puparium figured here has been tentatively referred to 
this species for the reasons given under ‘affinities’. 

Pale testaceous-orange, mainly faintly shining but more so anteriorly in front of the 
pupal respiratory horns. Remainder of body with very distinct longitudinal aciculations 
and fine transverse striations, especially on the ventral surface and on distal segments, 
most coarsely and conspicuously so on the caudal segment. Ventral abdominal welts 
very conspicuous, with numerous rows of very small to minute spicules arranged in 
long arcuate rows. Anal plate rugose, with distinct postana! and subanal papillae, and 
sunken scars perhaps marking shrunken extra-anals (but see description of larva 
above). Anal spiracles small, concolorous, strongly extruded, with convergent yellow 
slits. Pupal horns very long, bright orange red. 

Cephalopharyngeal skeleton similar to Iwasa’s figure but hs relatively longer, pvc 
and pdc more nearly symmetrical and former with more angular dorsal expansion. 
Length 6.85mm. An.sp. 0.10mm. Ceph.skel. (0.15; 0.13; 0.50) =0.75 mm. AB = 
0.014 (n = 1). 
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Figure 38. Hydrotaea (s.stt.) meteorica; a, cephalopharyngeal skeleton from puparium; b, puparium 
(ventral view); c, detail of spiculation of ventral abdominal welt on segment 6 of puparium; d, anal 
spiracles of puparium; #7. (s.str.) australis; e, cephalopharyngeal skeleton from puparium; f, anal 
region of puparium; g, caudal segment of puparium (posterior view) (Scales: a0.2mm;b 2.0mm;c 
0.25mm;d 0.1 mm;e 0.12 mm; f, g 0.61 mm) (Orig.). 


Material studied. 1 empty puparium, Sykehouse, South Yorkshire (England), 
7.xi.75, from manure heap, P. Skidmore (MAGD). 

Biology. According to Iwasa the eggs are laid on soil or grass beneath cowdung and 
the larvae are obligative carnivores. The adults congregate on pasturing cattle and on 
humans. 

Hennig’s (1962) doubts about the authenticity of the very old records of this 
species causing intestinal myiasis in humans are certainly justified. Hammer (1941) 
found that the females habitually oviposit in cowdung though he found the larvae 
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less frequently in this medium than some other Hydrotaea larvae. In Denmark he 
found that the entire life cycle took 39 days in summer and that winter is spent in the 
larval stage. In Britain there appear to be 2 emergences annually, adults occurring in 
May and June, and again in August and September. The puparium figured here was 
found in a manure heap and the adult had probably emerged some 6 weeks earlier. 

Adults of meteorica are attracted to perspiring cattle (Séguy, 1923) and humans 
(Karl, 1928). 1 have found that in south Yorkshire females of this species behave in 
exactly the same way as those of iritans in wooded areas but are in evidence appreci- 
ably earlier, in late May or early June. Other attractants include honeydew on foliage 
(Tiensuu, 1936) and, less often, carrion (Gregor & Povolny, 1961). Cuny (1978) 
records them visiting foxdung and Daucus carota flowers. Makhan’ko (1972a, b) found 
this to be a very troublesome sweatfly in Siberia, even entering houses to feed on 
perspiration and blood; it relies on visual rather than olfactory senses. 

Recorded predators of meteorica include the sphecid Oxybelus uniglumis (L.) and 
the muscid Coenosia tigrina (F.) (Laurence, 1950). 

Affinities. The puparium (figure 38b) is assumed to belong to meteorica, as this is 
the only Hydrotaea known to occur in the Doncaster area with such a conspicuous 
dorsal expansion on the pyc. However, the apparent traces of papillae near the anal 
plate suggest that this identification may not be correct. 

This is probably a more primitive species group since it includes the only Austra- 
lasian Hydrotaea, which is dealt with below. Lobanov (1970a) found that the ovi- 
positor in meteorica is of the spined type like sg. Hydrotaeoides, again suggesting the 
antiquity of the species. 

According to Pont (1973a) the species group also includes the Oriental H. affinis 
Karl and the Palaearctic cinerea Robineau-Desvoidy. 

Distribution. Holarctic: Spain and Majorca to northern Scotland, Uppland (Sweden) 
and Kuusamo (Finland), eastwards across Siberia to Amurland and southwards to 
Israel. In North America from Arizona and New Mexico to British Columbia and 
Maine. 


Hydrotaea (s.str.) australis Malloch 
(figure 38, e—g) 


Ovum. Length 0.85—1.0 mm (Ferrar, 1979a). 

Puparium. Shining orange-yellow, striated along segmental boundaries and more 
rugose on caudal segment. No discernible spine bands on any segments but ventral 
abdominal welts 2—7 very conspicuous, with up to 8 transverse rows of minute 
discrete spicules on segments 2 and 3, succeeding segments appearing to have fewer 
rows of generally larger spicules. Anal plate without apparent peripheral papillae; 
3~—4 prospiracular lobes. Anal spiracles concolorous, slightly extruded, separated by 
over half the width of one; slits paler, convergent on median scar. Pupal horns very 
long, concolorous or darkened apically. 

Cephalopharyngeal skeleton very like meteorica but with distinct sm. Length 3.27— 
4.00 mm. An.sp. 0.10—0.12 mm. Ceph.skel. (0.11; 0.11; 0.37)—(0.11; 0.11; 0.39) = 
0.57—-0.59 mm. AB = 0.030 (# = 20). 
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Material studied. 10 puparia, no locality, 26, 1° puparia, Wyndham, Western 
Australia, coll. 24.vi., em. 7.vii.30, T-G. Campbell; 1¢ with puparium, Meteor Downs 
near Springsure, 18.xi—3.xii.30, I.M. MacKerras; 6 puparia, Townsville, Queensland 
(Australia), 15.vii.68, P. Ferrar (ANIC). 

Biology. Discussed in some detail by Pont (1973a) and Ferrar (1979a), this is a 
familiar member of the cowdung community in Australia where it has been said to 
exert some controlling influence on populations of Haematobia exigua. The adult is 
a sweatfly, affecting both humans and cattle. 

Affinities. One of the few known Hydrotaea s.str. species whose larva has a distinct 
sm and is thus presumably trimorphic; this is probably more primitive than meteorica. 
It is the only known member of the genus occurring in Australasia. 

Distribution. Oriental-Australasian; Sri Lanka to Malaysia, south to Western 
Australia and New South Wales. 


Group C. 7. tuberculata group 


Hydrotaea (s.str.) tuberculata Rondani 
(figure 39, a—f) 


Ovum. Figured by Hammer (1941). About 34 ovarioles (Lobanov, 1977a). 

Puparium. Deep orange, slightly shining, more strongly anterodorsally, with distinct 
‘longitudinal aciculations and finely transverse striate, both these elements becoming 
more pronounced distally, so that caudal segment appears clathrate-rugose, more 
striato-rugose beneath the spiracles. Intersegmental boundaries clearly marked by 
cuticular knots, and dorsal grooves of caudal segment distinct. No apparent spicular 
bands on thoracic segments and only weak row of tiny ones on dorsal surface of first 
abdominal segment. Ventral abdominal welts conspicuous, with 2—3 rows of large 
spicules preceded by about 3-5 minutely serrate rows and succeeded by about 4 
similar ones along posterior face of each welt. Anal plate conspicuously transverse, 
with indications of extra-anal and subanals; 5 prospiracular lobes. Anal spiracles rather 
large, separated by about half the width of one, slits slightly curved, convergent on 
median scar. Pupal horns fine, rather long, reddish-orange. Wharton & Moon (1979) 
note that the puparium resembles floccosa but has the anal spiracles twice as large. 

Cephalopharyngeal skeleton with sm; pdc barely longer than pve which has a very 
strong dorsal expansion. Length 4.36mm. An.sp. 0.17 mm. Ceph.skel. (0.18; 0.14; 
0.57) = 0.86 mm. AB = 0.039 (n = 1). 

Material studied. 1? with puparium, Carp, Ontario (Canada), em. 9.v.54, reared 
from cowdung, J.P. McAlpine (CNC). 

Biology. According to Hammer (l.c.) the females lay on extremely fresh cowdung, 
up to a few minutes old, laying their eggs on the edges or the raised parts of the pats. 
Under norma! conditions in summer these hatch in 38 hours and the entire life cycle 
takes 25 31 days. The larvae overwinter in the dung or the soil below. Hammer 
recorded three generations annually in Denmark, adults appearing in June, and from 
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Figure 39. Hydrotaea (s.str.) tuberculata; a, cephalopharyngeal skeleton from puparium; b, 
puparium (dorsal view); ¢, anal region of puparium; d, caudal segment of puparium (dorsal view); 
e, detail of spiculation on ventral abdominal welt of segment 3 of puparium; f, anal spiracles of 
puparium; H. (s.str.) militaris; g, cophalopharyngeal skeleton from puparium; h, puparium in dorsal 
(right) and ventral view (left); i, anal spiracles of puparium (Scales: a, e and f 0.222 mm; b and 
h 1.0mm; c and d 0.244 mm; g 0.1 mm;i 0.05 mm) (Orig.). 


late July to early September. Laurence (1954), Assis Fonseca (1968), Lobanov 
(1970b), Merritt (1974) and Wharton & Moon (1979) also record larvae from cowdung 
and Laurence reports a figites species as a parasite. 
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Hammer found that the adults gathered around the inner sides of the legs and 
abdomens of pasturing cattle, whilst Tashiro & Schwardt (in Hennig, 1962) record 
them visiting tabanid wounds and Makhan’ko (1972a, b) includes them amongst the 
common sweatflies. Generally a sylvan species which seldom occurs in large numbers. 

Affinities. Lobanov (1973) found that this species differs from militaris, in which 
group it was included by Hennig (1962) in having a spined ovipositor, characteristic of 
more primitive species of this genus. Lobanov also points out that spined and spineless 
types also differ in leg chaetotaxy, in larval morphology and in ecology: spineless ones 
favour pastures whilst spined pasture dwellers are rare. Also the spined species tend to 
be more eurytopic, many developing in a wide range of media. A. tuberculata is the 
only Palaearctic Hydrotaea s.str. known to me which has a pharyngeal sieve and this, 
together with the rather large anal spiracles implies trimorphism. Clearly this is one of 
the most primitive members of the subgenus, and is probably considerably older than 
militaris. 

Distribution. Holarctic: Spain and Slovenia northwards to Midlothian (Scotland), 
southern Sweden, southern Finland and eastwards through the northern Soviet Union 
(including Ivanovo district) to Amurland. The Nearctic range extends from West 
Virginia, Idaho and Illinois northwards to Quebec and British Columbia. 


Group D. #. militaris group 


Hydrotaea (s.str.) militaris (Meigen) 
(figure 39g—i) 


Ovum. Undescribed. About 26 ovarioles (40 according to Lobanov, 1977a). 

Larva. Instar 3: according to Lobanov (1965) the mature larva differs from floccosa 
and albipuncta in the spicular arrangement on the ventral abdominal welts, the form of 
the anal spiracular slits and the stronger dorsal angulation on the pyc. Length up to 
8mm. 

Puparium. Dull to very faintly shining, light red, densely transversely striate but 
apparently lacking the longitudinal aciculations found in most other species. Caudal 
segment coarsely rugose, the rugae concentrically encircling the perispiracular field, 
except in immediate vicinity of anal spiracles where are some transverse folds. Ventral 
abdominal welts rather obscure but having 2 irregular transverse rows of large teeth 
preceded and succeeded by | or 2 rows of extremely fine ones arranged in serrate 
rows; larger spicules more than half as wide as apical diameter of pupal respiratory 
horn. Pleural sclerites indiscernible, impressed. Anal spiracles very small, unusually 
strongly exerted (by more than their own width), and separated by more than twice 
the width of one; slits very obscure, convergent. Pupal horns massive, doubly curved, 
as long as distance between the outermost edges of the anal spiracles and as thick as 
the diameter of one of these, concolorous. The most distinctive features are the very 
dull appearance, absence of longitudinal aciculations; the strongly exerted anal spiracles 
and the massive red pupal respiratory horns. 
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Cephalopharyngeal skeleton with distinct dorsal tooth on pyc, which is much 
shorter than the pdc. Length 5.50-—6.00 mm. An.sp. 0.05 mm. Ceph.skel. (0.15;0.13; 
0.65) = 0.93 mm. AB = 0.008—0.009 (n = 4). 

Material studied. 4 puparia, Broadbottom, Greater Manchester (England), v.63, em. 
12.vi.68, ex old cow dung, P. Skidmore (MAGD). 

Biology. Pelham Clinton (1959) noted that eggs are laid in fresh cowdung and I 
have found mature larvae on several occasions in this medium in late winter in various 
places in England. Lobanov (1970a, b) also records it from cowdung, noting that it is 
the predominant Aydrotaea found in this medium in the Ivanovo district. It is in fact a 
characteristic member of the cowdung community throughout its range. 

Whilst occurring in open country, this fly appears to be more at home in wooded 
areas, especially where Pteris aquilina dominates the herb layer. The females especially 
have a peculiar habit, noted by Thornley (1935) and Pelham-Clinton (l.c.), which I 
have also repeatedly observed, of congregating about trampled vegetation. Thus when 
one walks through rank herbage these flies swarm amongst the trampled plants but 
appear to be little interested in one’s person, unlike the multitudes of irritans so 
commonly also in attendance, Indeed when both species occur together in this way 
the disparity in their habits is most conspicuous. They follow cattle in a similar 
manner but whether they are also attracted to the animals themselves has not been 
established. Tiensuu (1936) also records this species on honeydew, whilst Cuny (1978) 
records flowers of Anthriscus sylvestris. 

This species appears to be univoltine in northern England and Scotland. Over- 
wintered larvae produce adults in late May or June, about 6 weeks after pupariation. 
Numbers of adults increase to reach peak numbers in late July or towards the middle 
of August when the females are often found to have mature ovaries. 

Affinities. Hennig includes two other Palaearctic species in this species group, 
velutina and tuberculata. Lobanov (1973), however, found that tuberculata differed in 
having a spined ovipositor, as in dentipes etc. (see under tuberculata). 

The fact that both militaris and tuberculata occur in the Nearctic region suggests 
that this group is much older than the irritans group, which is very poorly represented 
there. 

Distribution. Holarctic,; Pyrenees to Clare Island (Southern Ireland), Sutherland 
(Scotland), Trondheim (Norway) and Finnish Lapland eastwards to Ivanovo (Soviet 
Union), also Romania. In Nearctic, from New Mexico and Georgia north to Naknek 
and Fairbands (c.64°N in Alaska) and St. Anton (c.52°N in Newfoundland). 


Hydrotaea (s.str.) velutina Robineau-Desvoidy 


Biology. Another species recorded from cowdung by Hammer (1941) who found 
that the entire life cycle at normal summer temperatures in Denmark took 25 days. 
Lobanov (1970a) also records it from cowdung and cow manure. The larvae over- 
winter and Hammer found that there were two generations of adults annually, the 
second brood of adults being already over in early August. In Britain this is an 
extremely local species, known only from three very restricted parts of England and 
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Wales, and adults have only been recorded in June and July, suggesting only one 
brood (Assis Fonseca, 1968). 

The males perform aerial dances in very hot weather like those of many other 
Hydrotaea species (Stein, 1903; Gruhl, 1924, 1961), whilst the females are occasion- 
ally extremely troublesome sweatflies and are particularly attracted, like pellucens, to 
human aural exudations (Kramer, 1917). Hammer found that velutina visited cattle 
less frequently than many other Hydrotaea species. 

It appears that this fly favours higher summer temperatures than does militaris, but 
there are clearly other factors governing the occurrence of these insects and accounting 
for their very different distribution patterns. 

Distribution. Palaearctic: Spanish Pyrenees (Pont, 1971b) northwards to the 
English Lake District, southern Norway and Kuusamo (c.66°N, Finland) eastwards to 
Lake Baikal (Hennig, 1964) and northern Iran (Pont, 1971a). 


Group E. H.irritans group 


Hydrotaea (s.str.) irritans (Fallén) 
(figure 40a—d) 


Ovum, Uniformally reticulated except dorsally between hatching pleats which 
extend along three quarters of dorsal surface. Length 1.1—1.2mm. About 30—40 
ovarioles. 

Larva, Instar 1: Schumann (1963) figures the cephalopharyngeal skeleton (presum- 
ably dissected from egg) showing it to be very similar to species of Neomyia but with 
very long ds. Instar 2: cephalopharyngeal skeleton very like dentipes. Instar 3: entire 
surface longitudinally aciculated except in spiculate areas and on caudal segment 
which has a squamose surface sculpture. Ventral abdominal welts 1—8 with numerous 
transverse rows of uniformly minute serrations, and first 6 segments with complete 
anterior spine bands. Anal plate about 2.5 times wider than long, with weak anal 
papillae but surrounded by broadly spiculate area; according to Schumann extra-anal 
papillae present. Cephalopharyngeal skeleton with pde much longer than pvc; latter 
without dorsal expansion. Sm absent. Length up to 10mm. 

Puparium. Slightly to strongly shining, conspicuously longitudinally aciculated, 
front edge of abdominal segments 1—6 with 4—6 rows of tiny serrate rows of very 
minute spicules extending over dorsal surface; intersegmental margins themselves 
marked by cuticular knots. Laterally and onto the ventral surface the numbers of rows 
increases so that on the ventral welts these have 15- 17 rows; also the ventral spicules 
are somewhat larger than those on the dorsal surface. Ventrally the welts occupy 
about half the length of each sternite. Anal plate as in armipes, about 2.5 times as wide 
as long though ill defined as the entire anal region is minutely rugose throughout 
(though less so than in militaris). Caudal segment with irregularly squamose surtace 
sculpture and some perispiracular rugae. As in militaris these rugae tend to accentuate 
the longitudinal cuticular sculpture; 3 prospiracular lobes. Anal spiracles rather more 
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Figure 40. Hydrotaea (s.str.) irritans; a, cephalopharyngeal skeleton from puparium; b, puparium in 
dorsal (right) and ventral view (left); c, detail of spiculation on ventral abdominal welt of segment 
5 of puparium; d, anal spiracles of puparium; 4. (s.str.) scambus: e, cephalopharyngeal skeleton 
from puparium; f, anal region and ventral abdominal welt on segment 7 of puparium; g, anal 
spiracles of puparium. (Scales: a,c and d 0.1 mm; b 0.78 mm;e, f and g 0.244 mm) (Orig.). 
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exerted than in armipes but less so than in militaris, separated by about twice the 
width of one; slits convergent on median scar. Pupal respiratory horns massive, rather 
longer than the distance between the outer edges of the anal spiracles; shining black in 
contrast to the red integument. 

Cephalopharyngeal skeleton uniformly heavily sclerotised; mh asymmetrical (left 
one at most a third as long as right one; aco simple; ds with strong dorsal expansion; at 
obsolete but od superior; pdc twice as long as pve which lacks dorsal prominence 
having dorsal edge parallel to ventral. (NB. The length of the pdc in figure 40 appears 
exaggerated compared with those of Schumann (1963) and Robinson & Luff (1976). 
This is because their figures were drawn from larvae, that of Schumann being from an 
early instar 3 one, as noted by Robinson & Luff who figure a series of last instar 
pharyngeal sclerites of various ages to show the gradual prolongation of the pdc. The 
example in figure 40 was from a puparium and hence shows maximum development, 
but some inrolling of the pde will have occurred during drying following adult 
emergence, and also the membranous cornual tips are shown here; all these serve to 
accentuate the elongate form of the pdc.) Length 5.5—6.5 mm. An.sp. 0.05 mm. Ceph. 
skel. (0.15; 0.13; 0.75) = 1.01 mm. AB = 0.008—0.009 (n = 2). NB. Robinson & Luff 
also give average length of puparium as 6.0 mm. 

Material studied. 13, 19 with puparia, Formby Moss, Merseyside (England), coll. as 
larvae iii. 64, em. 12—18.iv.64, P. Skidmore (MAGD). 

Biology. There are several records in the literature of this fly breeding in cowdung 
(Skidmore, 1973; Robinson & Luff, 1976) but the fact that it does not belong to the 
true cowdung community was recognised as early as 1941 by Hammer. 

Thanks to the valuable researches of Robinson & Luff (1976) and Berlyn (1978) 
the biology of this fly is now much better understood. These authors showed that the 
normal larval biotope is in pasture soil, mainly under long grass or on.woodland edges 
where the calculated density of mature larvae (ca. 15000 per acre) approximates to 
an estimated adult value of about 20000 per acre. Larvae were found in the field from 
September to December at an average population density of 1.93 per square metre, 
and the fact that larvae collected from surface layers in December continued to feed 
when brought into the laboratory suggested that they were not in diapause. 

Robinson & Luff found that at 20°C the eggs hatch in 5—7 days and that the young 
larvae undergo ecdysis 3—5 days later, often without feeding. After ecdysis they 
become carnivorous and highly cannibalistic, this latter fact no doubt accounting for 
their low densities in the soil. In the laboratory they were fed on larvae of Drosophila, 
Calliphora and Musca domestica and they pupariated at various times from late 
December to April. Most of the indoor rearing was at a temperature of about 19°C. 
Tarry & Kirkwood (1976) found that the life cycle in sheltered outdoor conditions 
takes 295 days, the species being univoltine. 

It appears that there is normally one brood of adults annually in most parts of 
Britain, the flight period extending from late June to late August. The males predomi- 
nate during the first month, the females thereafter becoming more numerous. How- 
ever, after a month of apparent absence the reappearance of small numbers of males in 
early September and the occasional emergence of adults from larvae which I have 
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found in August in north Wales and northern England imply a partial second generation 
in at least those areas. 

This fly, which Greenberg (1971) refers to as an aggressively communicative forest 
hemi-synanthrope, is familiar and notorious for its predilection for mammalian 
perspiration. Until recently the fly was regarded simply as a nuisance, but it is now 
believed to be concerned in the transmission of summer mastitis in cattle, and with 
head lesions in sheep (Robinson & Luff). Apart from perspiring animals the adults are 
also attracted to honeydew (Tiensuu, 1936), flowers (Cuny, 1978), carrion (Gregor & 
Povolry, 1961) and faeces (Teschner, 1960). It has not been yet established whether 
the males of this species indulge in mating swarms as many others do. 

As most authors have noted (see Hennig, 1962) this appears to be mainly a wood- 
land insect although it is by no means uncommon in completely open country. It does 
however appear to avoid urban areas. 

In the adult state irritans has many enemies, and the following have been mentioned 
in the literature: Sphecidae — Oxybelus uniglumis (L.), Thyreopus cribrarius (L.), 
Blepharippus leucostomus (L.), Metacrabro quadricinctus (L.) and Mellinus arvensis 
(L.); Asilidae — Machimus atricapillus (Fallén), Isopogon brevirostris (Mg.) and 
Laphria flava (1..); Empididae — Empis tumida Mg. and tessellata F.; and Scatho- 
phagidae — Scathophaga stercoraria (L.), scybalaria (L.) and lutaria (F.). 

The dispersal potential and the methodology of population estimation in this 
species are discussed by Robinson & Luff (1979). 

Affinities. According to Hennig (1962) this group is essentially Palaearctic, only 
one of the 8 members of the group also occurring in the Nearctic Region (scambus, 
see below); the other species belonging to the iritans groups are borussica Stein, 
meridionalis Portchinsky, pandellei Stein, pellucens Portchinsky, penicullata Rondani, 
scambus Zetterstedt and himalayensis Pont (Pont, 1975). 

Hennig states that borussica, meridionalis and peliucens form a very closely related 
trio and that ritans and pandellei form another particularly close pair. Assis Fonseca 
(1968), however has shown that hybridisation occurs in nature between borussica 
and irritans. 

The members of this group are probably among the more recently evolved of the 
Hydrotaeini; the specialised habits and morphological details of the larvae, and the 
more restricted zoogeographical range all point to such a conclusion. All members 
of the group are sweatflies (Pont, pers.comm.) but scambus is the only one found in 
the Nearctic. It is also the one whose range extends furthest north. 

Distribution. Palaearctic: iritans is essentially a rural insect, favouring wooded 
areas from Tunisia (?) to Shetland (Grimshaw, 1905) and Abisko (Sweden) east 
through Karelia and Greece to the southern Urals and the Caucasus (Soviet Union). 


Hydrotaea (s.str.) pellucens Portchinsky 


Larva. Instar 3: according to Lobanov (1965) very like irritans but without spicules 
behind anal plate. 
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Cephalopharyngeal skeleton similar to ivritans but dorsal tooth on hs much smaller 
and pve with slight dorsal expansion. Length up to 11 mm. 

Biology. Lobanov records this from cowdung. Kramer (1917) found it to be a 
persistent sweatfly which pesters humans, the females having a particular addiction for 
the ear. Gregor & Povolny (1961) record the species visiting faeces, whilst Tiensuu 
(1936) found it at honeydew of Chaitophorus vitellinae Schr. on Salix phylicifolia. 
Swarming has not been noted in the males of this species but has been reported in the 
very closely related borussica (Collin, 1930). Deciduous forest species. 

Distribution. Palaearctic: Corsica to central Sweden, central Finland and the 
Leningrad district. British records may refer to extreme form of borussica Stein (Assis 
Fonseca, 1968). 


Hydrotaea (s.str.) scambus (Zetterstedt) 
(figure 40e—g) 


Puparium. Light orange-red, semi-opaque and dull with close transverse striations 
on all segments and conspicuous longitudinal aciculations, which are fainter on 
thoracic segments. Ventral abdominal welts with about 10 regular rows of minute, 
pale, papery spicules. Caudal segment with perispiracular cuticular folds converging on 
a point behind anal plate. Anal plate about 2.5 times as wide as long, without discern- 
ible papillae or spicules behind. Pre-anal welt with spicules as on previous segments, 
but fewer rows (about 6); 3 prospiracular lobes. Anal spiracles minute, very little 
exertcd, separated by about 3.5 times the width of one; slits very slightly curved, 
convergent on median scar. Pupal horns long, curved and black. 

Cephalopharyngeal skeleton very like irritans but pde not as long relative to pre 
which has a slight dorsal expansion as in pellucens. Hs very short. Length 6.10 mm. 
An.sp. 0.09 mm. Ceph skel. (0.14; 0.06; 0.75) = 0.93 mm. AB = 0.015 (n = 1). 

Material studied. 13 with puparium, Kananaskis L., Alberta (Canada), 26.vi.1968, 
H.J. Teskey (CNC). 

Biology. Presumably breeds in surface layers of soil in birchscrub and overwinters in 
larval stage. Univoltine. 

Affinities. An interesting species, probably the oldest and closest to the ancestral 
species of the group, this has a fragmented circumpolar range and the larva has larger 
anal spiracles than in irritans. It was not possible to ascertain whether there was a 
pharyngeal sieve, as the sclerite appeared uniformly heavily sclerotised. 

Distribution. Holarctic: in the Palaearctic this high-borcal fly ranges from Jaémtland 
(Sweden) and Ostrobotnia Borealis (northern Finland) to northernmost Norway east- 
wards to Amurland (Hennig, 1964). In the Nearctic it occurs in Canada from Fort 
Yukon (Alaska), Rampart House (Yukon), Norman Wells (N.W.T.), The Pas (Manitoba), 
Rupert House (Quebec) and Grand Falls (Newfoundland) southwards to California and 
New Mexico in the west and Michigan in the east. 


a a ne ene LN Rn ee 
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Group F. H.floccosa group 
Hydrotaea (s.str.) flocecosa Macquart (armipes of authors) 


Ovum, About 57 ovarioles (Lobanov, 1977a). 

Larva, Instar 3: according to Lobanov (1965) extremely like albipuncta but dis- 
tinguished by presence of 4 rows of minute spicules on front face and 3 such rows on 
hind face of sixth ventral abdominal welt. He also states that in floccosa there is no 
dorsal expansion on the pyc but this may also apply in albipuncta. See also Zimin 
(1948). Length up to 8.5mm. 

Puparium, According to Wharton & Moon (1979) ochreous, almost smooth but 
more rugose on caudal segment; ventral abdominal welts appearing as narrow striate 
bands. Anal plate ill defined; 3 prospiracular lobes. Anal spiracles very small, strongly 
exerted and separated by width of one; slits oval, convergent on median scar. Pupal 
horns long and curved. Length 4.0-4.8 mm. 

Biology. Portchinsky states that the female lays a small number of large eggs, 
usually in horse dung. Thomsen & Hammer (1936) found that whilst horse dung is 
preferred, it will also breed in calf and pig dung, both indoors and outside. Bouché’s 
(1834) record of floccosa larvae breeding in cowdung may be in error for albipuncta, 
since Hammer (1941), who did rear floccosa from cowdung, stated that unlike 
albipuncta it does not really belong to the cowdung community. Lobanov (1970a) 
records floccosa from faeces, horse and cow manure and from refuse dumps, whilst 
Wharton & Moon found larvae in cowpats in California. Petrova & Soboleva (1973) 
found larvae in poultry manure. 

According to Hammer the life cycle in Denmark is more rapid than in albipuncta; 
at a shade temperature of 18—19°C, it took 27 days, at 21--22°C, 26 days, and at 
24°C, 25 days. He records three emergences annually in Denmark and data from 
Britain suggests that here too the species is probably trivoltine. 

Zimin (1948) records larvae of Musca osiris and tempestiva and Physiphora deman- 
data amongst the prey of H. floccosa. 

Portchinsky found that adults of floccosa are extremely troublesome to cattle, 
especially during sultry weather, but there appear to be no published records of their 
attacking man. Dusbabek et al. (1982) found that adults transmit Branhamella ca- 
tarrhalis in calves but failed to prove transmission of the bacterium Moraxella bovis, 
the causative agent of infectious bovine keratoconjunctivitis. The latter can survive 
over 15 hours in the gut of the fly, rather less on the body surface and transmission is 
assumed when flies suck moisture around eyes of infected animals. Gregor & Dusbabeck 
(1982) discuss the flight activity and feeding habits of adults in paddocks and cattle 
sheds. 

Affinities. Hennig (1962) includes only two species in this species group, the other 
being albipuncta discussed helow. Whilst evidently more closely related to each other 
than to any other species, there appear to be considerable differences between them 
ecologically. As many authors have observed, floccosu is not a member of the cow- 
dung community but favours larger accumulations of dung such as occurs in cess-pits 
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and manure heaps. As a result, whilst albipuncta mainly breeds in fields, floccosa is 
much commoner around farmyards and rural human habitations. Lobanov (1973) 
points out that both species have the more advanced, spineless type of ovipositor. 

Distribution. Holarctic; Palaearctic region from Tunisia to Inverness-shire (Scot- 
land), Troms6 (Norway) and Enontekié (Finnish Lapland), east to Kashmir (Pont, 
(1975) and Lake Baikal; Nearctic region from Arizona and North Carolina to British 
Columbia and Goose Bay area (Labrador) (Huckett, 1965). 


Hydrotaea (s.str.) albipuncta (Zetterstedt) 
(figure 41) 


Ovum. According to Iwasa (1980) the egg is unusual in having very short hatching 
pleats which unite about middle of dorsal surface. Length 0.9-1.0mm. About 48 
ovarioles (Lobanov, 1977a). 

Larva. Dimorphic obligative carnivore. Instar 3: rather small with coarsely longi- 
tudinally aciculated cuticle, squamose on caudal segment. Ventral abdominal welts 
3-8, each with 2 irregular rows of large spicules along crest of welt (0.03—0.05 mm 
long) preceded and succeeded by 2 irregular rows of much smaller ones (0.01 mm 
long); welt on abdominal segment 2 with only the finer spicules. Extra-anal papillae 
clearly visible, large and rounded, anals very small but prominent, but no other papillae 
in anal region, Anal plate very conspicuous, about 2.5 times wider than long; 3 
prospiracular lobes. Anal spiracles small but fairly prominent (for other details see 
below under puparium). Length up to 9.05 mm (” = 20). 

Puparium, Usually shining light-red but cuticle distinctly longitudinally aciculated; 
thoracic, and abdominal segments 1 and 2 with 2-4 rows of tiny spicules arranged in 
short arcuate groups anterodorsally. Ventral welts as described above.and anal plate as 
in irritans. Anal spiracles larger than in irritans or militaris, moderately exerted and 
separated by less than 1.5 times the width of one; slits straight, elongatc, convergent 
upon median scar. Pupal horns massive, reddish to black, with conspicuous spirally 
arranged papillae. 

Cephalopharyngeal skeleton very like floccosa, perhaps indistinguishable; the slight 
dorsal expansion on the pve referred to by Lobanov is not always present. Ds separate. 
See also Hammer (1941) and Lobanov (1968). Length 3.90—5.97 mm. An.sp. 0.09~— 
0.12mm. Ceph.skel. (0.15; 0.14; 0.58)—(0.20; 0.18; 0.74) = 0.82—1.05 mm. AB = 
0.020-0.023 (m = 16). 

Material studied. England: 1 puparium, Middlewood, 25.v.64; 1° with puparium, 
Lyme Park, Cheshire, em. 7.iii.65; 19 with puparium Hollingworth, coll. 3.viii. em. 
11.ix.64; 16 with puparium, Dunham Park, coll. 14.iii., em. 6.iv.63; 1 puparium with 
emerged ¢? figitid, Broadbottom, em. iv.64; 4 puparia, Shaw, iii.65; Id, 19 with 
puparia, coll. iii.64, em. 12.iv.64; 1 puparium, Slackcotes, Greater Manchester 9.iii.75; 
1? with puparium, coll. as larva 25.iii., em. 10.iv.75; 3 puparia, Bentley Common, 
South Yorkshire, 28.vii.76; 1 puparium, coll. S.vii., em. 18.vii.75; Wales: 20 larvae, 
Rhyd y Creuau, 18.viii.75; 1 puparium, Morfa Harlech, Gwynedd, 20.viii.75; all from 
cowdung, P. Skidmore (MAGD). (NB. The Morfa Harlech specimen was found with 
Haematobia). 
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Figure 41. lydrotaea (s.str.) albipuncta: a, cephalopharyngeal skeleton from puparium; b, mature 
larva (lateral view); c, head of larva (lateroventral view); d, same in lateral view; e, anal region of 
mature larva; f, puparium (dorsal view); g, detail of spiculation of ventral abdominal welt on 
segment 5 of puparium; h, anal region of puparium; i, anal spiracles of puparium (Scales: a and i 
0.2mm; b,e andf 1.0mm;c, d and g 0.1 mm;h 0.5 mm) (Orig.). 


Biology. According to Hammer the females oviposit in fresh cowdung on summer 
mornings and evenings, the flies spiralling over a pat before settling on nearby plants 
to approach the pat ‘on foot’. At a shade temperature of 15—18°C, the second instar 
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larvae hatch from the eggs in 2--3 days and very soon undergo ecdysis into the final 
instar when they become carnivorous. Hammer found larvae often lived 10—11 months 
before pupariating and I find this happens in captivity when no live food is available. 
Under optimum conditions in warm weather Hammer found the metamorphosis may 
take as little as 33 days. In Denmark (Hammer) and Britain (pers. obs.) larvae over- 
winter and the species is trivoltine, adults occurring in late May—early June, late 
July-August, and September—early October. I have collected larvae in northern 
England from January to March (producing adults indoors in April), late July 
(adults hatching in August), and in late August (producing flies in September). 

H. albipuncta is the most characteristic Palaearctic Hydrotaea of the cowdung 
community. Adults are less obtrusive than those of irritans, because they sometimes 
gather in large swarms around the heads of pasturing cattle but are not attracted to 
human perspiration. The males perform aerial dances in hot sunshine, and both sexes 
visit flowers and honeydew (Kramer, 1917). 

Laurence (1954) also records a Figites from albipuncta larvae. 

Affinities. Very closely related to floccosa but a typical member of the cowdung 
community and, judging from the West European range, more tolerant of the Atlantic 
climate. 

Distribution. Palaearctic: Pyrenees, northern Italy and Romania north to Clare 
Island (Southern Ireland), Sutherland (Scotland), Abisko (Swedish Lapland), southern 
Finland and the Ivanovo district (Soviet Union). 


Tribe AZELIINI 
(figures 42-49) 


Ova. Of Musca-type except in Alloeostylus. Length 1.0—2.56mm. About 14—56 
ovarioles. 

Larvae. Trimorphic facultative to dimorphic (monomorphic) obligative carnivores 
of generalised form, although in Azelia the caudal segment is rather acuminate. Instar 
3: 2-5 prospiracular lobes. Anal spiracular slits strongly convergent to radiate, on 
median scar. 

Cephalopharyngeal skeleton with remarkably uniform oral sclerites but As very 
variable in length: depth ratio and Ph ranging from a strongly Ophyra-like structure 
with sm and extensively clear pharyngeal floor to an entirely sclerotised form in which 
the pc is extraordinarily short (see Allocostylus and Drymeia). At always conspicuous 
and od always superior. Length up to 13 mm. 

Puparia. Whilst most readily distinguished by form of larval mouthparts and anal 
spiracles, some highly distinctive forms occur (see Drymeia s. lat.). 

In Azelia the pupal horns are very long and fine. Length 4.8—8.3 mm. An.sp. 0.04— 
0.17 mm. Ceph.skel. 0.63—1.10 mm. AB = 0.006—0.031. 

Biology. Whilst Azelia, Xestomyia and sg. Trichopticoides develop in mammalian 
excrement, the tribe is essentially humicolous in the larval stage. With the exception 
of Azelia most of the species are almost certainly univoltine throughout the Holarctic. 
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The males of certain species of Thricops and Azelia are known to swarm but this habit 
appears to be rare in this tribe. Females of sg. Trichopticoides are well-known sweat- 
flies, a habit otherwise only recorded exceptionally in Drymeia (Bebryvx) cinerea and 
an unspecified Thricops (Pont, pers.comm.). 

With the exception of Azelia the tribe is best represented in montane or boreal 
regions of the Holarctic where adults of some species abound on sunlit rocks or 
flowers. In some species the proboscis and upper mouth edge are strikingly modified 
for a floricolous habit (see Drymeia and Thricops s.str.). 

Affinities. According to Hennig (1965) Azelia is most closely related to the Thricops 
group, having the posterior hind-coxal hairs otherwise found only in the Reinwardtiinae 
within the Muscidae. Since this feature also occurs in the Fanniidae, Hennig regarded 
it as a primitive feature, thus reflecting the antiquity of Azelia within his Hydro- 
taeini (i.e. Azeliinae in this work). Hennig’s hypothesis is supported by the occurrence 
of an Azelia-type cephalopharyngeal skeleton in both the Azeliini and the Hydrotaeini. 

The two tribes included here are more readily distinguished in the adult state 
perhaps than on larval characters, although the higher members of both tribes have 
very dissimilar larval mouthparts. Drymeia closely resembles Alloeostylus in the larval 
mouthparts but the adults lack the hind-coxal posterior hairs of other Azeliini. 

Trimorphism is only positively recorded in Azelia, although some Thricops may 
perhaps be trimorphic. The majority however, from the minute size of the anal spiracles 
and absence of a pharyngeal sieve, are assumed to be either di- or monomorphic. 

Although this tribe may be very old, Aze/ia being a small genus with a wide global 
range, the major period of speciation must have occurred during the Pleistocenc 
glaciations through the process of allopatric diversification. 

Distribution. Whilst Azelia is known from the Holarctic, Afrotropical and Neo- 
tropical Regions, the remaining members of this tribe are almost exclusively Holarctic. 


Genus Azelia Robinueau-Desvoidy 
(figure 42) 


Ova. Hatching pleats narrow, non-foliate (Portchinsky, 1910, for zetterstedtii). 
About 22 ovarioles (Lobanov, 1977a). 

Larvae. Trimorphic facultative carnivores of very small size and characterised (? all 
species) by the acuminate caudal segment. Instar 3: 4—6 prospiracular lobes. Anal 
spiracles very large with respiratory slits strongly convergent on median scar. 

Cephalopharyngeal skeleton very delicate; rather lightly sclerotised ph, with 
distinct sx. Length up to 8mm. 

Puparia. A rather characteristic feature of known Azelia puparia is the fineness 
and length of the pupal horns. Integument pale orange, translucent, not distinctly 
microsculptured. 4—6 prospiracular lobes, these free, stellate. Caudal segment normal, 
with anal spiracles very large and situated medially on the usually slightly posteriorly 
flattened face of the segment. Length 5.15—5.46mm. An.sp. 0.14—0.17 mm. Ceph. 
skel. 0.75—0.82 mm. AB = 0.027—0.031. 

Biology. Azelia larvae have only been recorded from mammalian excrement (horses 
and cattle) where they prey in their final instar upon small nematocerous and 
acalyptrate larvae. 
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Figure 42. Azelia cilipes: a, cephalopharyngeal skeleton from puparium; b, puparium in ventral 
(left) and dorsal vicw (right); c, pcrispiracular field of puparium; A. nebulosa; d, mature larva 
(lateral view); ec, head and prothorax of mature larva Uateroventral view); f, detail of spiculation on 
ventral abdominal welt 5 (ventral view); g, caudal segment of maturc larva, (latcroventral view); h, 
anal spiracles of mature larva; i, cephalopharyngeal skeleton from puparium; j, puparium (ventral 
view); k, prospiracular process of puparium. (Scales: a, i, J} 0.1mm; b 1.04mm;c, e, h 0.15 mm; 
d, f, g 1.40 mm;j 1.00 mm; k, scale unavailable) (Orig.). 
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Tiensuu (1936) records adults of all of the Finnish species feeding at honeydew of 
Chaitophorus vitellinae Schr. on Salix phylicifolia Sm., with aterrima predominating, 
whilst Gregor & Povolny (1961) record cilipes, nebulosa and triquetra from human 
faeces. The males are usually seen on vegetation or hovering in small swarms in bright 
sunshine, whilst their mates are more often found near the dung in which they ovi- 
posit. I have repeatedly taken both sexes at light traps, perhaps indicating some 
nocturnal activity. 

Azelia species appear to be multivoltine throughout much of their range, except 
perhaps in the more marginal areas. 

Affinities. Whilst most authors have included this genus in the Mydacinae, this has 
often been merely a matter of convenience. Karl (1928) and Ringdahl (1948) thought 
Azelia was closely related to Hebecnema but this belief appears to be without foun- 
dation. Hennig (1962) suggested a hydrotaeine affinity and later (1965) he placed it 
next to Thricops, an action wholly supported by the morphology of the larval mouth- 
parts. 

There can be little doubt regarding the phylogenetic relationship between Azelia 
and Thricops, but the former stands somewhat apart from the rest of the tribe. As 
stated above, morphological, biological and geographical data led to the suggestion put 
forward by Hennig (l.c.), but not fully discussed by him, that Azelia is very much 
older than any of the other genera of the Azeliini. The primitive features found in 
Azelia include the post-coxal hairs and absence of hind tibial calcar, the very unspecial- 
ised cephalopharyngeal skeleton of the trimorphic facultative carnivorous larva, the 
ancestral larval biotope and the small number of species found in every zoogeographic 
region. In this tribe also extreme sexual dimorphism appears to be a primitive feature, 
being least marked in Alloeostylus. 

I have been led to the conclusion that this tribe has long been declining in numbers 
of species, after arising at the same time as the proliferation of the herbivorous 
mammals. Opportunities for further diversification in the tribe only came when the 
larvae became predatory and less dependent upon herbivorous mammals. Azelia 
species have remained conservative in terms of diet and have consequently declined in 
many areas. 

Distribution. Formerly thought to be purely Holarctic, Hennig (1965) showed that 
single species of this genus also occur in the Afrotropical Region (fasciata (Emden)) 
and the southern Neotropical Region (neotropica Snyder). Nevertheless the genus 
consists of only 14 described species, of which 7 are Palaearctic, 1 is Nearctic, 2 are 
Holarctic and 1 is only known from Burma. Unlike related genera Azelia hardly reaches 
the Arctic Circle, nor does it extend into the true alpine region. In Britain 3 of the 
6 species reach the Shetlands (60°N); in Finland only one species, triguetra, is 
abundant throughout the country. The genus is absent from Greenland, the North 
Atlantic islands north of the Shetlands, and islands in the Arctic Ocean. 


Azelia cilipes Haliday 
(figure 42 a—c) 


Puparium, Pale translucent orange-yellow with thin glossy integument quite devoid 
of any discernible microsculpture; 5—6 prospiracular lobes. Anal spiracles large, 
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separated by about half the width of one, elongate-oval with long axis vertical and slits 
strongly convergent. 

Cephalopharyngeal skeleton as in nebulosa but ob obtusely dentate dorsally, hs 
with weaker dorsal prominence and front edge of da less closely approaching level of 
at. Length 5.46mm. An.sp. 0.17 mm. Ceph.skel. (0.16; 0.10;0.51) = 0.75 mm. AB = 
0.031 (n= 1). 

Material studied. 1¢ with puparium, Shaw, Greater Manchester (England) iii.63,ex 
old cowpat, P. Skidmore (MAGD). 

Biology. Hammer (1941) records this from cowdung and found that in Denmark 
the lifecycle took 43 days. He did not however ascertain the number of generations 
annually. Assis Fonseca (1968) records adults in Britain from May to October but 
Thornley (1935) gives the normal flight period in Cornwall as extending to late 
November and sometimes even to midwinter. 

Hamm (1931) records cilipes as prey of the muscid Coenosia tigrina, whilst Shaw & 
Pont (1971) add the sphecid wasp Mellinus arvensis (L.). 

Distribution. Holarctic; southern France, through Hungary and Ukraine to the Urals 
(Hennig, 1956), northwards to Clare Island (Grimshaw, 1912), Shetland (Grimshaw, 
1905) and Lapland (Hennig, 1956). Huckett (1965a) states that in America the range 
extends to about 66°N at Galena (Alaska). 


Azelia ? aequa Stein 


Puparium, Extremely similar to A. cilipes and perhaps indistinguishable from it; 4 
prospiracular lobes. 

Cephalopharyngeal skeleton as in cilipes but ob twice as thick and ks with more 
distinct dorsal prominence. See also Wharton & Moon (1979). Length 4.30—4.67 mm. 
An.sp. 0.11—0.12 mm. Ceph.skel. (0.13; 0.10; 0.41) = 0.63 mm (” = 5). 

Material studied. 1d, 29 with puparia, Mendocinola, 6 mi.N. of Ft. Bragg, California 
(U.S.A.), 14.vi.75, R.A. Wharton (TU) (sub nom Spilogona anthrax (Bigot)). 

Biology. Under the name of S. anthrax, Wharton & Moon (1979) describe and 
figure the puparium of this species. They were found in cowdung. 

Affinities. A.C. Pont identified these specimens for me as probably aequa, and 
certainly the puparia are almost identical with cilipes. 

Distribution. Nearctic: Washington, D.C. (U.S.A.). 


Azelia nebulosa Robineau-Desvoidy (macquarti (Staeger)) 
(figure 42 d—I) 


Ovum. About 22 ovarioles (Lobanov, 1977a). 

Larva. Instar 3: pale lemon-yellow or greenish-yellow, more translucent anteriorly, 
with skin quite smooth. Oral grooves mainly ventral. Thoracic segments without 
ventral spicular welts. Ventral abdominal welts with 3--5 rows of fine spicules, those 
running along crest of welt being the largest. Anal plate short and transverse (about 4 
times as wide as long); anal, pre-anal, para-anal and extra-anal papillae smal! and 
rounded, Pre-anal welt with 3 rows of rather uniform small spicules. Pleural sclerites 
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sometimes very conspicuous; 4—5 prospiracular lobes. Anal spiracles greenish-brown, 
situated on small protruberances separated by at most the width of one, with slits 
subradiate, narrow, very slightly sinuate, but obscured by conspicuous ova! inner felt 
chambers clearly visible through the cuticle; scar median. 

Cephalopharyngeal skeleton with mh very little curved, ob slightly angulate 
dorsomedially (dentate in Lobanov’s (1970b) figure), hs shorter than ms (plus mh), 
with slight dorsal process. Ph broadly translucent below, with distinct sm, pdc rather 
longer than pyc but only one fifth as deep. See also Lobanov (1970b). Length up to 
8mm (# = 5). 

Puparium. Very like cilipes, perhaps indistinguishable. Length 5.15-5.19mm. 
Ansp. 0.14—0.15mm. Ceph.skel. (0.15; 0.11; 0.54)—(0.18; 0.12; 0.56) =0.76— 
0.82 mm. AB = 0.027—0.029 (n = 2). 

Material studied. 5 mature larvae, 2 puparia, Doncaster, South Yorkshire (England), 
ii.76, ex old horse dung, P. Skidmore (MAGD). 

Biology. Lobanov (1.c.) found larvae singly in cowdung in pastures but more 
commonly in pig dung. Laurence (1953) records it from cowdung only, but my 
specimens were found in horse dung which had lain over the winter in a pasture near 
Doncaster. Pont (1960a) found males hovering over rotting sodden grass cuttings in 
late April whilst Séguy (1923) states that the adults also frequent umbelliferous 
flowers as well as the dung of horses and cattle. 

Assis Fonseca (1968) gives the adult flight period in Britain extending from May 
to September but Thornley (1935) records this species with cilipes flying in mid- 
winter in Cornwall. Cuny (1978) found adults throughout the year in Switzerland. 

Distribution. Europe; Corsica to Hungary, north to Shetland, Jamtland and 
Leningrad. 


Genus Thricops Rondani 
(figures 43-45) 


Ova, Similar to Hydrotaea, hatching pleats linear, non-foliate. 19 38 ovarioles 
(Lobanov, 1977b). 

Larvae. Probably trimorphic facultative to dimorphic obligative carnivores. Ventral 
abdominal welts usually with numerous rows of uniformly minute spicules; 3--4 
prospiracular lobes. Anal spiracles smaller than in Azelia, sometimes very small; 
slits straight or nearly so, strongly convergent on median scar. 

Cephalopharyngeal skeleton ranging from lightly sclerotised Azelia-like form of 
the ph, to ones with this sclerite uniformly heavily sclerotised and approaching 
Alloeostylus and sg. Trichopticoides in shape. Length up to 12 mm. 

Puparia. The main diversity is in the form of the caudal segment which varies from 
rounded acuminate to abruptly truncate. The pro- and mesothoracic segments form a 
conspicuous frontal knob and the pupal horns are fine, but not as long as in Azelia. 
Length 4.8—-8.2 mm. An.sp. 0.05 0.12mm. Ceph.skel. 0.60—1.50 mm, AB = 0.010— 
0.015. 

Biology. The larvae are presumably carnivorous humicoles as suggested by Bezzi 
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Figure 43. Thricops (era) nigrifrans: a, ovum (dorsal view); b, puparium (dorsal view); ¢, anal 
region of pupartum; d, perispiracular field (posterodorsal view) of puparium; 7./H.) longipes: e, 
cephalopharyngeal skeleton from puparium; f, puparium (dorsal view); g, pcrispiracular field of 
puparium (posterodorsal view); h, anal spiracles of puparium, 7. /Lasiothricops) semicinereus: i, 
cephalopharyngeal skeleton from puparium; j, puparium (dorsal view); k, posterior end of 
puparium (ventral view) showing anal plate, pre-anal welt and ventral abdominal welt 7; f, anal 
spiracle of puparium. (Scales: a and ¢ 1.0mm, b and j 2.0mm, d, 1 0.5mm, e, h, i 0.1. mm, f 
0.78mm, g 0.2mm) (Orig.). 
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(1918) and it seems that throughout the generic range the species are mostly univoltine, 
winter being spent in the larval stage. T. foveolatus is rather aberrant as it is thought to 
have two generations annually, at least in Finland (Tiensuu, 1939), and it is one of the 
few species of the genus in which the hovering habit has been noted in the male 
(Ringdahl, 1927). Pont (pers. comm.) has noted this habit in male semicinereus and 
also reports an unspecified species of Thricops behaving as a sweat fly in the alps but 
no other such record appears to be available. 

The adults, are generally sun-loving flies which are usually seen on exposed foliage, 
rocks or flowers, from mid June to mid September. 7. Jongipes appears to be the only 
one recorded from the vicinity of manure heaps (Nielsen et al., 1954), dung not 
normally being attractive to these flies. Hackmann (1963a) found females of several 
species in vole burrows, adding that these allow access to damp regions of the upper 
soil layers in which humicolous flies may oviposit. 

The reduced number of larval instars and the departure from the ancestral larval 
pabulum of herbivorous mammalian dung are clearly adaptations to the often hostile 
environments in which these essentially boreal or montane flies occur. 

Affinities. The close relationship between Thricops and Azelia on the one hand and 
Alloeostylus on the other appears to be fairly conclusive, Thricops occupying a 
transitional position between the other two genera. Adult morphology suggests a 
closer affinity with A/loeostylus, so much so that Hennig (1962, 1965) was doubtful 
whether the two genera are truly distinct; their separation rest on the relatively trivial 
feature of mid-tibial ventral bristles. In general form of larval mouthparts most 
Thricops are closer to Azelia. 

I am retaining as subgenera some of the names assigned to the synonymy of this 
genus by Hennig (1962) in order to indicate those species which appear to be more 
closely related. Distribution ranges and larval morphology suggest that sg. Hera and sg. 
Lasiothricops may include the more primitive Thricops, whilst sg. Thricops s.str. 
appears to be more recent. In Thricops s.str. the adult mouthparts are adapted to 
floricolous habits and species pairs have evolved as a result of allopatric speciation in 
montane and tundra populations isolated during the Pleistocene glaciations. 

Distribution. Holarctic, except for more northerly arctic and subarctic islands and 
the more low-lying southern areas. 


Subgenus Hera Schnabl 


Thricops (Hera) nigrifrons (Robineau-Desvoidy) 
(figure 43a—d) 


Ovum, Hatching pleats extending almost from one pole to the other; surface 
sculpture not discernible at x 87. Length 2.56 mm. 14 ovarioles. 

Puparium. Pale orange-yellow, clongate, abruptly truncate distally. Meso- and 
metathoracic cuticle shining but abdominal segments slightly dulled by very fine, 
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dense, irregular, superficial puncturation. Conspicuous transverse folds only on trun- 
cate caudal segment where the strongest folds immediately enclose the rather broadly 
transversely ovate perispiracular field. Caudal segment with the usual 3 dorsal furrows. 
Intersegmental margins and pleural sclerites marked by cuticular knots. Pro- and 
mesothorax much narrower than the abruptly widened metathorax. Ventral abdominal 
welts without discernible spicules (at x 100) and no apparent papillae in anal region; 
anal plate triangular, over twice as wide as long. Anal spiracles separated by about 
width. of one, with slits straight, strongly convergent on median scar. Pupal horns 
rather longer than height of an anal spiracle. 

Cephalopharyngeal skeleton as in Jongipes. Length 8.08 mm. An.sp. 0.10 mm. Ceph. 
skel. (0.20; 0.15. 0.70) = 1.00 mm. AB = 0.012 (n = 1). 

Material studied. 1¢ with puparium, Culborn Beck, North Yorkshire (England), 
v.56, found under rotten log on woodland floor, B.R. Laurence (MAGD). 

Biology. Univoltine in Britain and probably throughout range, winter being spent in 
the larval or pupal stage and the adults flying from June to August, when they often 
occur in great profusion on sunlit foliage or flowers of Heracleum, Cirsium etc. 

Affinities. There are two or three species in this group which, according to Hennig 
(1962), form a very tight-knit group. There seems indeed to be some doubt regarding 
the status of baicalensis Schnabl, which Hennig suggests may in fact be synonymous 
with either nigrifrons or longipes. It is interesting to note that whilst nigrifrons and 
longipes are extremely similar there are somewhat different ecological preferences, 
for the present species is the more essentially sylvan, favouring less rigorous climates. 
The species group is only known froin the Palaearctic. 

Distribution. Palaearctic; Pyrenees east to northern Iran and southwest Siberia 
(Pont, 1971a) and north to Faeroes, Swedish Lapland and the Leningrad district. 


Thricops (Hera) fongipes (Zetterstedt) 
(figure 43e—h) 


Puparium. Larger, darker and more gibbous medially than nigrifrons. Glossy dark 
red with strong superficial resemblance to Polietes hirticrura but without discernible 
spicules on ventral abdominal welts (at x 100) and with much smaller anal spiracles. 
Cuticle throughout very weakly, irregularly shagreened. Caudal segment with strong 
perispiracular folds which are much stronger than on preceding segments; 3—4 
prospiracular lobes. Anal spiracles shining black, their slits barely paler yet quite 
distinct, faintly curved, convergent on median scar. 

Cephalopharyngeal skeleton very finely built and fairly uniformally sclerotised 
except on pve where degree of pigmentation gradually diminishes, so actual edge of 
cornu not clearly defined. As less elongate than in semicinereus or rostratus but longer 
than in Alloeostylus diaphanus. Length 8.2mm. An.sp. 0.12 mm. Ceph.skel. (0.22; 
0.17;0.70) = 1.05 mm. AB =0.015 (n = 1). 

Material studied. 1d with puparium, Malham Tarn, North Yorkshire (England), 
y.77, from wet moss in bog, R-H. Disney (BMNH). 

Biology. Niclsen et al. (1954) record adults visiting dung heaps in Iceland but this 
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need not imply oviposition and is probably unusual. The flies usually abound on 
flowers of Compositae (i.e. Cirsium, Hieracium, Taraxacum etc.), Umbelliferae (i.e. 
Angelica, Heracleum etc.) and Rosacae (i.e. Sorbus aucuparia, Rubus etc.) amongst 
others, and also on sunlit foliage or rocks. Although /ongipes often occurs in woods it 
is equally at home in open country beyond the tree-line in mountainous or boreal 
areas, and, whilst nigrifrons favours base-rich areas, longipes is found equally on acidic 
moorland areas. This clear distinction between these two similar flies was noted by 
Ringdahl (1927) and Nielsen et al. (I.c.). Like nigrifrons this is doubtless univoltine 
throughout its range. 

Affinities. 7. Jongipes differs from nigrifrons in its larger size, darker colour and 
tolerance of more rigorous climates. 

Distribution. Palaearctic; range largely complementary to nigrifrons, replacing it in 
more boreal or montane regions from Pyrenees to Iceland, northernmost Scandinavia 
and the Kola peninsula cast to the Altai. 


Subgenus Lasiothricops new subgenus 
Type-species: Thricops semicinereus (Wiedemann) 


Description. Adu/t; oral margin not produced and proboscis short. 4 postsutural 
dc, presutural acr weak, pra absent (d) or weak (¢). Abdomen mainly (3) or wholly 
orange (). Male without dense front tibial bristles, mid femoral thickening or hind 
tibial apicoventral blunt spur. 

Larva. Instar 3: anal spiracles very small, slits radiate. Cephalopharyngeal skeleton 
with As more elongate than in Thricops and ph more lightly sclerotised. 

Affinities. Only the type-species is known, there being no described Holarctic 
Thricops which share with this species the non-rostrate head, absence of leg second- 
ary sexual characters, largely orange abdomen and propensity for shaded woodlands. 
Possibly the sister group of Thricops sensu stricto. 

Distribution. Palaearctic. 


Thricops (Lasiothricops) semicinereus (Wiedemann) 
(figure 43, i—l) 


Ovum, Undescribed. Ovarioles, about 14 (19 according to Lobanov, 1977a). 

Puparium. Reddish-brown, smooth and matt, devoid of transverse folds except on 
the caudal segment which is rounded acuminate behind. Ventral abdominal welts very 
conspicuous, each possessing about 15 rows of extremely fine spicules which are 
clearly visible even at low magnification; these spicules are of almost uniform size. 
Intersegmental margins and pleural sclerites bordered by cuticular knots. Anal plate 
not quite twice as broad as long, with barely discernible papillae behind (i.e. uncertain 
whether these are usually developed). Caudal scgment behind with wide region of 
obscure broad folds which do not fully enclose the perispiracular field. 3 prospiracular 
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Figure 44, Thricops (s.str.) rostratus: a, cephalopharyngeal skeleton from puparium; b, puparium 
(dorsal view); c, caudal segment of puparium (dorsal view); d, same (ventral view); e. anal spiracles 
of puparium. (Scales: a 0.1 mm, b 1.0mm, c,d 0.5mm, e 0.05 mm) (Orig.). 


lobes. Anal spiracles very small, separated by nearly twice the width of one, slits 
radiate on median scar. Pupal horns fine and very short (about as long as mA). 

Cephalopharyngeal skeleton strongly reminiscent of Azelia but with much longer hs 
and more uniformally sclerotised pk, which apparently lacks the sm. The ph in the 
specimen studied has the apices of the posterior cornua broken off so the overall 
length of the mouthparts can only be estimated. Length 4.8mm. An.sp. 0.05 mm. 
Ceph.skel. (0.14; 0.15;0.14 plus ?) = ca. 0.60 mm. AB = 0.010 (v = 1). 

Material studied. 1° with puparium, Ayr (Scotland), iv.75, from humus soil and leaf 
litter on woodland floor, A.D. Berlyn (MAGD). 

Biology. Hackman (1963a) found a single female in a baited trap in a vole burrow 
and correctly assumed the insect bred in humus soil. This fly favours similar habitats 
to nigrifrons with which it commonly occurs. Since I have collected females with 
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mature ovaries in early June in northern England, where the flight period extends well 
into August, and, according to Assis Fonseca (1968) the flies first appear in April, it is 
likely that the species is at least partially bivoltine in Britain. The adults abound on 
such flowers as Heracleum and also at honeydew, and males have been seen hovering 
(Pont, pers. comm.). Cuny (1978) suggests this is univoltine in Switzerland. 

Distribution. Palaearctic: Spanish Pyrenees (Pont, 1972a) north to Outer Hebrides 
(Scotland) and Lapland east to the Caucasus and the Urals. 


Subgenus Thricops Rondani, sensu stricto 


Thricops (Thricops) rostratus (Meade) 
(figure 44) 


Puparium. Similar in general facies to nigrifrons but very much smaller and without 
a strong perispiracular rim on the caudal segment, though with folds much stronger 
there than elsewhere. Ventral abdominal ambulatory welts very like semicinereus, 
being composed of numerous tiny spicules arranged in extremely fine serrate rows. 
Anal plate very small, about three times as wide as long. Pleural sclerites conspicuous; 
4 prospiracular lobes. Anal spiracles very small, their respiratory slits very distinct, 
straight and strongly convergent on median scar. 

Cephalopharyngeal skeleton with ks less elongate than in semicinereus and with 
ph much more heavily sclerotised, the clear strip along the pharyngeal floor being 
much narrower; pyc with very large dorsal tooth. Length 5.12 mm. An.sp. 0.05 mm. 
Ceph.skel. (01.5; 0.15;0.47) =0.74mm. AB = 0.010 (# = 1). 

Material studied. 1¢ with puparium, Moor House N.R., Cumbria (England), 2.v.67, 
found as larva in limestone turf, M. Nelson (MAGD). 

Biology. Dr. Nelson found the larva in limestone turf on high moorland with larvae 
of two Platypalpus species and one Yachista arrogans Fallén. The Thricops larva 
pupariated on May 15 at room temperature and the adult emerged six weeks later, at 
the end of June. In nature the flight period extends from late June to September and 
presumably there is therefore only one brood annually. Winter is spent in the larval 
state. 

This is a characteristic fly of rocky mountain slopes, especially above the tree-line. 
Like nigrifrons it favours basic soils, including those over such igneous rocks as 
Dolerite and Basalt. Whilst the adults certainly visit flowers including Calluna, Erica, 
Saxifraga, Sorbus aucuparia etc., they are just as fond of basking on sunlit rocks where 
their blue-grey colour renders them barely visible. 

Affinites. The members of this subgenus are extremely interesting in many respects. 
The adult mouthparts are strikingly adapted to their anthophilous habits, the proboscis 
being considerably elongated to penetrate tubular corollae, and their mouth-edge is 
correspondingly produced (hence Schnabl’s name Rhynchotrichops). This feature also 
occurs in certain other essentially boreal or montane muscids (i.e. certain Phaonia, 
Drymeia, Spilogona, etc.). 
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The ecology of these flies is also very interesting. T.rostratus is a characteristic 
montane species known from all of the major mountain systems of Europe. T.hirtulus 
Zetterstedt is a higher-altitude species found in the main mountain systems of northern 
Britain, much of Scandinavia, Japan and the northern Nearctic from Labrador to 
Baffin Island, westwards to Alaska (Huckett 1965a). T.culminum Pokorny is the sister 
species of Airtulus, replacing it in the mountains of Central Europe. The very distinc- 
tive T.aculeipes Zetterstedt favours less elevated areas than hirtula and culminum 
although it too prefers strongly basic situations. 

Distribution. 7.rostratus is only known from Europe where it has a very wide range, 
from the Pyrenees to the Tatra, northwards to Hammerfest (Norway), and the Kola 
peninsula (USSR). In the British Isles it occurs on all of the major upland systems of 
the west and north, and it is also known from the Facroes. Bezzi (1918) gives Iceland 
but his record was not accepted by Nielsen et al. (1954). However I found the species 
commonly in Reykjavik, even on walls in the city, and in the immediate vicinity. 
Despite intensive searches elsewhere throughout the island, however, I was unable to 
discover further localities for it and I assume it to be a recent coloniser. 


Genus Alloeostylus Schnabl 


Alloeostylus diaphanus (Wiedemann) 
(figure 46) 


Ovum. According to Hennig (1965) the egg of this species has broad hatching pleats 
as in Phaonia. 

Larva, Obligative carnivore, probably monomorphic. Instar 3: firm cream-coloured 
opaque maggot with distinct pleural sclerites and very conspicuous ventral abdominal 
ambulatory welts on segments 2—8 consisting of very irregular rows of uniformally 
rather large concolorous spicules; those on abdominal segment 2 arranged in about 
4—5 rows whilst on segment 7 there are about 6—8 rows. The spicules do not ascend 
laterally above the lowest corner of the pleural sclerites, the dorsal surface being 
devoid of spicules. 4—5 prospiracular lobes. Anal spiracles minute and widely separated, 
strongly exserted with slits very conspicuous, elongate ovate and strongly convergent 
on median scar. Length up to 12 mm (” = 2). 

Puparium. Quite unlike any known Thricops or Drymeia on account of the minute 
widely separated anal spiracles and the smoothly rounded caudal segment. Integument 
quite smooth. Anal spiracles slightly darkened but with very distinct pale cream slits. 

Cephalopharyngeal skeleton very heavily sclerotised throughout and of characteristic 
form in the rather robust ob and hs, the extremely short pc and the very long slender 
posterior cornua, of which the pve is gradually dilated distally to just before the 
acuminate apex. Length 7.30—7.70mm. An.sp. 0.07mm. Ceph.skel. (0.20; 0.12; 
0.78) = 1.10 mm. AB = 0.009 (n = 4). 

Material studied. 25 with puparia, Broadbottom, Derbyshire (England), coll. as 
larvae 19.iii, pup. 22.iii, em. 24.iv.63, ex moss on rotten oak log, P. Skidmore; 1? 
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with puparium, Bromley, Kent (England), ex tree fungi, P.J. Chandler (MAGD),; 1? 
with puparium, E! Dorado, 2m. west of Somerset, California (U.S.A.), 23.xi.74, R.A. 
Wharton (TU). 

Biology. Judging from the minute anal spiracles, the larvae probably hatch in the 
final instar and are probably obligative carnivores. In Britain winter is passed in the 
larval stage, pupariation occurring in the spring. 

Liebermann (1925) states ‘vorherrschend auf Kuhdiinger, aber auch auf Dolden 
(Schierling, Schafgarbe). Eiablage wahrscheinlich in Kuhdung’. I have seen adults of 
this fly on human faeces on at least one occasion, but it is only known to breed in 
rotting fungi. Buxton (1960) reared it from larvae collected in Boletus luridus and 
Pholiota squarrosa, whilst Hackman & Meinander (1979) also bred it from Cordyla 
brevicornis, Boletus chrysenteron, Suillus luteus, Cantharellus umbonatus, Tricholoma 
saponaceum, Amanita muscaria, Cortinarius (Myxacium) trivialis and Lactarius trivialis. 
Mr Chandler reared it from unspecified fungi in England and records a braconid 
parasite from the puparia. Dely-Draskovits & Mihdlyi (1972) found this species 
commonly in fungi, breeding it from Boletus edulis, luridus, Xerocomus chrysenteron, 
Armillariella mellea, Tricholoma saponaceum, Cortinarius species, Gebeloma crustu- 
liniforme, Lactarius sanguifluus and Russula cyanoxantha, adults emerging April and 
May. 

The first brood of adults appear in northern England in late May or carly June and 
there appears to be at least a second emergence in late July and early August. The 
occurrence of adults again in September and October may imply a third emergence. 

A. diaphanus is a typical woodland insect, being most often seen on tree trunks in 
shady, especially damp places. It visits honeydew (Tiensuu, 1936), various flowers 
and, sometimes, excrement. 

Affinities. In adult morphology Alloeostylus and Thricops, according to Hennig 
(1962, 1965) merge into one another, especially in the Nearctic fauna. In fact, 
diaphanus is more likely to be confused with Phaonia pallida than with any Palaearctic 
Thricops. 

Alloeostylus is at present unique amongst the known Azeliinae in having the 
broadly flanged egg of the Phaonia-type. In the structure of the cephalopharyngeal 
skeleton it approximates more to Drymeia than to Thricops. 

Alloeostylus is a very small genus of Holarctic flies with 13 described species, 5 of 
which range throughout the Holarctic. Like Thricops they inhabit montane or boreal 
regions where they favour wooded areas. 

Nothing is known of the biology of other Aloeostylus species but Hackmann 
(1963a) found that females of sudeticus were important xenocoenic intruders into 
vole burrows in Finland especially in dry summers, probably implying oviposition in 
humus soil. Gregor & Povolny (1964) record males of simplex visiting human facces 
and | have. encountered huge numbers of this species on the same medium. On one 
occasion I took a female from a dead weasel on a gamekeeper’s gibbet. A female 
simplex taken in late September contained 18 undeveloped eggs in as many ovarics 
whilst a large number taken on human faeces near Taynuilt, Scotland in early 
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September had entirely undeveloped ovaries. In Britain simplex adults appear in late 
July and numbers increase slowly into September when peak numbers occur. It is 
not unusual however Lo find females as late as mid November. 

Distribution. Holarctic: A. diaphanus ranges through the Palaearctic from Pyrenees 
to Sutherland (Scotland) eastwards to Japan, and in the Nearctic from California to 
Labrador and Alaska. 


Alloeostylus tarsalis (Walker) 
(figure 45) 


Puparium, Orange-yellow, fairly shining, conspicuously though not coarsely trans- 
verse striate, the striations strongest and most dense on the caudal segment where they 
become very irregular and roughly encircle the perispiracular field, which is dorsal, and 
below which, on the apical margin of the body, is a smooth area. Ventral abdominal 
welts poorly defined, comprising minute serrate rows on front and hind faces of welts 
on distal segments. Thoracic segments and pre-anal welt without discernable spicules. 
Anal plate conspicuous, strongly transverse; pre-anal welt and extra-anal papillae 
marked by denser areas of rugosities. 3 prospiracular processes. Anal spiracles small, 
pale yellow translucent with slits very slightly bowed, convergent on median scar. 

Cephalopharyngeal skeleton quite unlike other known azeliine species having the 
short robust As and very short pe of Alloeostylus, but the od is filled by a sclerotised 
ol and the ob is exceptionally massive. The entire armature very heavily sclerotised. 
Length 7.0mm. An.sp. 0.07mm. Ceph.skel. (0.19; 0.11; 0.65) =0.93 mm. AB = 
0.010 (z = 1). 

Material studied. 1d with puparium Ninette, Manitoba, (Canada) 24.v.58 R.B. 
Madge, in decayed log (CNC). 

Biology. Evidently a woodland species, developing in rotten wood and spending 
the winter in larval or pupal stage. 

Affinities, The larval mouthparts resemble diaphanus but are much more robust. 
The massive oral bars and powerful sclerotisation however are probably an adaptation 
for penetrating tough woody tissue, as in the Atherigoninac. 

Distribution. Nearctic, from Quebec south to Vermont, New York, Michigan and 
South Dakota. 


Genus Drymeia Meigen 
(figures 47—49) 


Ova. Musca-type. Length 1 mm. About 40—56 ovarioles. 

Larvae. Dimorphic obligative carnivores. Ventral abdominal welts with numerous 
transverse rows of minute spicules; 2—4 prospiracular lobes. Anal spiracles with slits 
radiate or nearly so, scar median. 

Cephalopharyngeal skeleton extremely elongate and heavily sclerotised throughout; 
hs rather short, with dorsal process, pc very short, posterior cornua very long and 
slender, symmetrical, without dorsal expansion on pve. 
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Figure 45. Alloeostylus tarsalis: a, cephalopharyngeal skeleton from puparium; b, detail of spicula- 
tion on ventral abdominal welt; c, caudal segment of puparium (dorsal view); d, same (ventral 
view); e, anal spiracles of puparium. (Scales: a, e 0.12 mm, b 0.24 mm, ¢, d 0.61 mm) (Orig). 


Puparia. Often of rather characteristic form with caudal segment strongly rugosely 
sculptured with strong perispiracular trim, vety marked dorsal grooves and deep con- 
cavities laterally beyond lateral apices of anal plate; thoracic segments often form a 
distinct ‘frontal knob’. Length 5.92—8.30mm. An.sp. 0.04—0.08mm. Ceph.skel. 
0.63—1.08 mm. AB = 0.006—0.012. 

Biology. Probably all except sg. Trichopticoides are humicolous and univoltine 
throughout their range. Adults of most species are anthophilous, the mouthparts of 
hamata being spectacularly adapted to this habit. Females of sg. Trichopticoides are 
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Figure 46. Alloeostylus diaphanus: a, cephalopharyngeal skeleton from puparium; b, puparium 
(dorsal view); c, posterior end of puparium (ventral view); d, ana! plate of puparium; e, anal 
spiracles of puparium. (Scales: a 0.1 mm, b 2.0mm, c §.0mm, d, e 0.24 mm) (Orig.). 


unusual in being sweatflies. The majority of species are montane or boreal in range, 
some being amongst the most cold-resistant of all muscids. 

Affinities. Formerly restricted to the type-species, I have included in this genus all 
species traditionally placed in Pogonomyia, Trichopticoides, Bebryx, etc., since they 
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are all clearly very closely related. I have however retained these names in a subgeneric 
sense to indicate the more obvious species groups within Drymeia. Very similar in 
larval morphology, the main differences between the species groups reflect adult habits 
and morphology, notably in the development of the proboscis. The essentially 
Tibetan genus Xestomyia probably belongs near Drymeia (Pont, pers.comm.); Hennig 
(1964) records the larva of his X. pamirensis from cowdung. 

Distribution. Holarctic. 


Subgenus Drymeia s.str. 


Drymeia hamata (Fallén) 
(figure 47) 


Ovum, Length 1.0 mm. 52—56 ovarioles, most with 2 dilations. 

Larva. The following description is based on a half-grown larva which died before 
pupating and hence there is some doubt that it really belongs to Aamata. Instar 3: 
obligative carnivore with non-striate cuticle. Ventral abdominal welts on segments 2—8 
distinct, with 12—15 transverse rows of almost uniformly small spicules (0.005— 
0.010 mm long); 2 prospiracular lobes. Anal spiracular slits nearly radiate on median 
scar. 

Cephalopharyngeal skeleton very similar to that removed from the hamata pu- 
parium described below but distinctly larger and with a dorsal expansion on pve. 
Length 7.27 mm. An.sp. 0.05 mm. Ceph.skel. 0.83 mm (# = 1). 

Puparium. Pale ochreous, faintly shining, translucent, with very fine surface 
shagreenation and with strong transverse folds dorsally between the pupal respiratory 
horns, and on segments 6 and 7; segment 8 with much more irregular folds around 
perispiracular field and with the normal three dorsal muscle scars deeply impressed. 
Metathorax anterodorsally with about 4 rows of serrations, and abdominal segments 
1—4 anterodorsally with 2—3 such rows (ca. 0.01 mm long). Ventral abdominal welts 
with a few widely spaced obscure rows of serrations. Anal plate transverse, without 
distinct peripheral papillae. 2 prospiracular lobes. Anal spiracles minute, separated by 
many times the width of one, with slits almost radiate. Pupal horns dark reddish, short 
and fine. 

Cephalopharyngeal skeleton similar to sg. Pogonomyia but less elongate. Length 
6.16mm. An.sp. 0.04mm. Ceph.skel. (0.10; 0.10; 0.45)=0.63 mm. AB = 0.006 
(n = 1). 

Material studied. 1 instar 3 larva (? this species), Crookhill Park, Conisbrough, ii.75, 
in deep leaf litter and humus on woodland floor; 1? with puparium, Bentley Common, 
South Yorkshire (England), coll. as larva, 20.iv, pup.v, em. 24.vi. 74, in clayey pasture 
soil under fresh cowdung, P. Skidmore (MAGD). 

Biology. The female of this species has a fairly high fecundity and Bezzi (1918) was 
undoubtedly correct in regarding the larva as a carnivorous humicole. Apparently 
univoltine in Britain and probably throughout its range, winter being spent in the 
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Figure 47. Drymeia hamata: a, cephalopharyngeal skeleton of third instar larva; b, head of third 
instar larva (lateral view}; c, head and prothorax of third instar larva {anteroventral view); d, 
third instar larva (lateral view); e, anal spiracle of third instar larva; f, cephalopharyngeal skeleton 
from puparium; g, puparium (dorsal view); h, same (lateral view), showing prothoracic spiracular 
process under higher magnification; i, caudal segment of puparium (ventral view); j, same (lateral 


view); k, same (posterior view). (Scales: a, b, c,e 0.05 mm, d 0.78 mm, f 0.1 mm, g, h 2.0 mm, i, j, 
k 0.5 mm) (Orig.}. 
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larval state. The larvae mentioned above were found in very different situations, one in 
deep shade in a wood, the other in an open field. The latter could not have developed 
in the cowpat in which it was found as the dung was fairly fresh and the egg must have 
been laid during the previous late summer. 

The adult is a very familiar anthophile whose proboscis is perfectly adapted for 
probing tubular flowers. When dissected, the gut is invariably found to be full of 
pollen. The flight period in Britain extends from late June to carly September. 

Affinities. D. hamata differs from all other known Palaearctic muscids in the 
remarkable form of the proboscis but in all other respects it is very similar to sg. 
Pogonomyia and Bebryx. 

Distribution. Palaearctic: Pyrenees to north Scotland eastwards to Bulgaria and 
central Finland. Unrecorded outside Europe, and montane in southern parts of range. 


Subgenus Pogonomy ia Rondani 


Larvae. 3—4 prospiracular lobes. Anal spiracular slits radiate on median scar. 
Cephalopharyngeal skeleton extremely elongate. 

Puparia. In the known puparia the caudal segment of highly characteristic form 
(figure 48). Length 5.92—6.80 mm. An.sp. 0.05—0.07 mm. Ceph.skel. 0.88—1.04 mm. 
AB = 0.008—-0.010. 

Biology. Univoltine species whose larvae are obligative carnivores living in humus 
soil, probably overwintering in larval stage. 

Affinities. Sg. Pogonomyia is characterised in the adult state by the strongly elongate 
proboscis with its very short labellae, the dense jowlar setae and often greatly produced 
mouth-edge. The larvae are probably indistinguishable from other Drymeia. A highly 
cold-resistant genus, being largely restricted to high boreal and montane parts of the 
northern Hemisphere and comprising some 27 known species. 

Distribution. Holarctic; from Colorado, the Alps and Himalayas north to Novaya 
Zemlya (U.S.S.R.) and Ellesmere Island (Canada). 


Drymeia {Pogonomyia) segnis (Holmgren) 


Puparium, Slightly shining, reddish, microscopically granulate, almost without 
dorsal striations but very distinctly so ventrally and more coarsely so distally. Ventral 
abdominal welts only visible around medioventral line as a single transverse row of 
microscopical elevations on each segment. Muscle scars on segmental margins, around 
pleural sclerites and laterally on each segment of abdomen. Caudal segment as in 
pribilofensis and groenlandica. Anal spiracles slightly elevated, separated by less than 
3 times the width of one; slits radiate or nearly so. 

Cephalopharyngeal skeleton, according to Malloch’s incomplete figure, identical 
to D. vicana. Length 6.5mm. NB. Above details from Malloch (1919). Shagreenation 
on meso- and metathoracic segments isodiametric (7 = 1). 

Material studied. 1 puparium (CNC). 
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Biology. A typical Pogonomyia of open tundra areas where the adults frequent 
flowers, this ranges further north than any other known azeliine. 

Affinities. The only known sg. Pogonomyia with a hairy pteropleuron, this was 
accorded generic status by Malloch (i.e. type-species of Pogonomyoides Malloch, as 
atrata Malloch). 

Distribution. Holarctic; in Nearctic probably throughout the entire tundra regions 
north of line from northern shores of Alaska (ca.70°N) to Payne Bay (Quebec) 
(ca.60°N) north to Eureka (Ellesmere Island) (ca.80°N) and in west Greenland from 
Umanaq (ca.71°N) to ca.74°N. In Palaearctic only known from Novaya Zemlya. 
Huckett (1965a) suggests that Greenlandic records of D.vicana in Henriksen (1939) 
probably refer to segnis. 


Drymeia (Pogonomyia) pribilofensis (Malloch) 
(figure 48a--e) 


Puparium, Translucent light-orange, shining, with fine transverse cuticular striations 
and finer longitudinal aciculations. Ventral abdominal welts merely appear as more 
closely striate areas, though in some lights some striations appear to be slightly cross- 
hatched (whether these are the longitudinal aciculations which are accentuated in 
these situations, or microscopic spicules, has not been ascertained). Lateral abdominal 
muscle scars deeply impressed on some segments. Anal plate very small, about twice 
as wide as long. Caudal segment with much stronger concentric folds encircling the 
perispiracular field and with the five muscle scars deeply impressed (three dorsal 
furrows and two mediolateral ones). Pupal horns short but distinct (about 0.1 mm 
long); 3 prospiracular lobes. Anal spiracles exserted with disc much smaller than base of 
peritreme; slits strictly radiate. 

Cephalopharyngeal skeleton probably indistinguishable from vicana. Length 6.36— 
6.80 mm. An.sp. 0.05—0.07 mm. Ceph.skel. (0.15; 0.08; 0.66)—(0.18; 0.10; 0.78) = 
0.88—1.04mm. AB = 0.008-—0.010 (n = 3). 

Material studied. 2d, 1°, with puparia, Eskimo Point, N.W.T. (Canada), 30.vii.1970, 
G.G. Dilabio (CNC). 

Affinities. The type-species of Eupogonomyia Malloch, a group which according to 
Huckett includes 4 additional species, all from the Nearctic. 

Distribution. Nearctic: St. Paul’s Island (Pribilof Islands) eastwards to Payne Bay 
(Quebec) and northwards to Herschel Island (Yukon), Repulse Bay and Frobisher Bay 
(N.W.T.). 


Drymeia (Pogonomyia) groenlandica (Lundbeck) 


Puparium. Probably indistinguishable from the previous species although the 
shagreenation on the meso- and metathoracic segments is isodiametric not conspicu- 
ously longitudinal as in pribilofensis, 

Material studied. 26 with puparia (CNC). 
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Distribution. Nearctic: Herschel Island, Yukon to Eureka, Ellesmere Island 
(Canada), Holsteinsborg to Thule and Hekla Havn (Greenland). 
Subgenus Bebryx Gistl 


Drymeia (Bebryx} chillcotti (Huckett) 
(figure 48f—k) 


+ 


Puparium. Orange-brown, matt shining, closely transverse striate and very finely, 
longitudinally aciculated throughout. Cuticular knots of muscle scars distinct, those 
along intersegmental boundaries elongate, rib-like. Mesothorax much smaller than 
metathorax (9:25 at widest part), with prothorax forming conspicuous frontal knob. 
Ventral abdominal welts obscured by dense cuticular folding but comprising about 
10—15 transverse ranks of minute spicules in serrate rows. Pre-anal welt without 
discernible spicules and none around anal plate which is minute, restricted to margins 
of anal pore. Caudal segment with the muscle scars forming five very deep furrows, 
three dorsally and two mediolaterally, posteriorly with some strong carinate ridges 
encircling the perispiracular field. Pupal horns very short, blackish. Anal spiracles 
minute with slits almost radiate on median scar. 

Cephalopharyngeal skeleton very similar to vicana. Length 8.3 mm. An.sp. 0.07 mm. 
Ceph.skel. (0.14; 0.11; 0.79) = 1.05 mm. AB = 0.008 (n = 1). 

Material studied. 1d with puparium, Eskimo Point, N.W.T. (Canada), 6.vii.50, G.G. 
Dilabio (CNC). 

Biology. Presumably a univoltine species with a humicolous monomorphic obligative 
carnivorous maggot which pupariates in spring. 

Affinities. The nearest congeners of this species are cinerea (Mg.) from the Alps of 
Central Europe, caucasica (Schnabl & Dziedzicki) from the Caucasus, and sibirica 
(Hennig) from the Verkhoyansk district of Siberia. The species group therefore has a 
fragmented Holarctic range similar to the genus as a whole. I have retained the name 
Bebryx in a subgeneric sense to underline the particularly close relationship between 
these four species, which are the largest known members of the genus. 

Distribution. Nearctic: a tundra species ranging from Chesterfield (N.W.T.) to the 
Pribilof Islands (Alaska). 


Subgenus Trichopticoides Ringdahl 


Drymeia ( Trichopticoides ) vicana (Harris) (decolor (Fallén)) 
(figures 1, 49) 


Ovum. About 40 ovarioles (Lobanov, 1977a). 
Larva. Obligative carnivore, probably dimorphic. Instar 3: firm opaque cream- 


168 








agai 


- ro 
Ly ymin 


Figure 48. Drymeia {Pogonomyia) pribilofensis: a, cephalopharyngeal skeleton from puparium; b. 
puparium (posterior view); c, detail of transverse cuticular sculpture of puparium; d, anal plate of 
puparium; e, anal spiracle of puparium; D. (Bebryx) chillcotti: f, cephalopharyngeal skeleton from 
puparium; g, puparium (dorsal view); h, perispiracular field of puparium; i, caudal segment of 
puparium (lateral view); j, same (ventral view); k, anal spiracles of puparium. (Scales: a, ¢, f 
0.12 mm, b, d 0.24 mm, e 0.05 mm, g, i,j, k 0.61 mm) (Orig.). 
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coloured maggot with integument dulled by characteristic extremely fine micro- 
reticulation the reticulae ranging from transverse to elongate but very different from 
and much finer than the cuticular aciculation found in many muscid larvae (i.e. some 
Hydrotaea etc.). Thoracic segments wholly devoid of spicular bands, but those on 
front margins of abdominal segments consisting of very minute spicules arrayed in very 
fine, slightly arcuate, micro-serrate rows which are most numerous on the hind face of 
each abdominal ventral welt. Here they lie more closely in parallel rows, up to about 
10 in total. On the front face of each welt these micro-serrate rows are more widely 
spaced and far more irregularly distributed, bowing forwards medially and converging 
laterally towards the lower corners of the very conspicuous pleural sclerites. Anal plate 
hardly broader than long, very small, being just visible in lateral view and slightly 
roughened in surface texture. Region of anal plate entirely devoid of papillae and quite 
smooth. 3 (or rarely 4) prospiracular lobes. Anal spiracles minute, ovate with long axis 
vertical, median scar distinct and slits strictly radiate; spiracles separated by about 
1.5 times the width of one, measured across the outer margins of the inner felt chamber | 
which appears through the semitransparent cuticle as a pale chestnut aureole surround- 
ing each spiracular plate, and much larger than these. 

Cephalopharyngeal skeleton with mh asymmetrical, left one about two thirds as 
long as right and closely adpressed to it, ds and ob well developed but simple, as are the 
short ar; hs about 1.5 times as long as deep, with well-developed dorsal tooth. Ph with 
extremely short pe and unusually long slender posterior cornua of equal length, pdc 
at most a third as deep as pyc which is almost imperceptibly dilated from base to just 
before the abruptly rounded apex. Posterior cornua about 6.5 times as long as pc; sm 
absent. See also Lobanov (1970b), Length up to 13mm (n= 15). NB. Lobanov 
(1970b) notes that the antennal segments are cylindrical, the second about 2.5 times 
as long as the first; the prospiracular process is about twice as long as wide and that 
there are about 13—15 rows of spicules on each ventral abdominal welt. Apart from 
his reference to the cuticle as smooth, his larval description is broadly in agreement 
with mine. 

Puparium. Rather broad, shining dark-red becoming more blackish distally due to 
the denser, thicker transverse cuticular folds. Ventral abdominal welts extremely finely 
spiculate as in the larval description above, the spicules of very uniform, minute size, 
very wide in relation to length, and arrayed in many long parallel rows. Anal spiracles 
very small and extremely obscurely bounded due to the conspicuously large inner felt 
chambers mentioned earlier; the spiracular plates lie in quite the same plane as the 
posterior face of the caudal segment where the perispiracular field is irregularly sur- 
rounded by very coarse blackish cuticular folds; these, however, do not form a 
conspicuously carinate perispiracular rim as in Pogonomyia species. Anal plate very 
small. Length 5.92—6.94 mm. An.sp. 0.06 -0.08 mm. (mostly 0.06). Ceph.skel. (0.14: 
0.08; 0.64)—(0.19; 0.11; 0.83) = 0.83—1.08 mm. AB =0.009 0.012 (n= 15). NB. 
Only two had anal spiracles greater than 0.06 mm, one of these measuring 0.08 mm. 

Material studied. 1d with puparium, em. 29.iv.62; 1¢ with puparium, em. iv.63; 
8d, 5%, with puparia; 15 larvae, all Shaw, Greater Manchester (England), col. 8— 
11.41.75, em. 14.iv, found in old cowdung, P. Skidmore (MAGD), 











e 


Figure 49. Drymeia (Trichopticoides) vicana; a, cephalopharyngeal skeleton from puparium; b, 
mature larva; c, detail of spiculation on ventral abdominal welt of mature larva; d, detail of cuticular 
microsculpture of mature larva (highly magnified); e, anal spiracle of mature larva; f, puparium 
(dorsal surface). (Scales: a 0.1 mm, b, c, f 1.0mm, e 0.08 mm) (Orig.). 


Biology. A familiar member of the cowdung community, the females laying in fresh 
cowdung and the larvae hatching in an advanced instar (not ascertained). These are 
obligative carnivores. 

On the Pennines (England) winter is spent in the larval stage, pupariation occurring 
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around the middle of March. On 9.iii.75 larvae of this fly were abundant in old cow- 
pats at 800 ft above sea level near Shaw, Greater Manchester, but none were found 
in the quiescent ‘prepupal stage’. Two days later despite the weather turning much 
colder and wetter, the majority were in the process of changing into puparia or had 
just done so, Personal records in the same area going back to 1962 show this is the 
normal time for pupariation. This takes place in the cowpats in which the larvae have 
developed, or in the soil beneath if most of the pabulum has disappeared. 

Ringdahl (1944) merely records the species breeding in the dung of domestic 
animals, whilst Lobanov found larvae singly in cowdung but in masses in semi- 
decomposed manure. On occasions I have found as many as 10 vicana larvae in one 
cowpat but the usual number appears to be 2 or 3. They have been in the company of 
larvae of Sylvicola punctata (F.), Bibio spp., Psychodids, Forcipomyia spp., Sciarids, 
Copromyza similis (Collin), Morellia simplex and hortorum, Mesembrina meridiana, 
Polietes hirticrura, Hydrotaea albipuncta, Azelia spp. and Hebecnema umbratica. 

At room temperature around 60°F, the puparia gathered from cowpats on 11 Jiii.75 
began to emerge about 0800 hours on 2.iv.75, so that the period spent in the puparium 
at this temperature was almost exactly 3 weeks. In my experience this is normal, as is 
the morning emergence time and the fact that males emerge first and in about equal 
numbers to females. In nature and with lower temperatures emergence is greatly 
retarded and I have found puparia in old cowpats still in late May. The earliest date for 
adults on the study site during the years of observation was in early June. 

In Britain and probably throughout the range there appear to be about two 
emergences of adults annually, those from overwintered larvae emerging in late May 
and June, and a second emergence between late July and September. 

The female vicana is a very familiar sweatfly though not usually so abundant as the 
Hydrotaea and Morellia species. In contrast, the male is never attracted to perspiration 
or to any other bait and is indeed very rarely seen, although, as noted avove, when the 
flies are reared out the sexes are in equal numbers. Ringdahl (l.c.) records males from 
flowers or vegetation, but I have only ever taken one specimen by sweeping during 
the past 25 years. Many authors comment on the extreme rarity of the male (e.g. 
Thornley, 1935). 

Affinities. Only two Trichopticoides species are known; the other one, gymno- 
phthalma Hennig, is only known from Tadzhikistan. Trichopticoides was separated 
from Pogonomyia by the much shorter and stouter proboscis with its much longer 
labellae. From Bebryx it differs chiefly in the bare pteropleuron and smaller size. 
D.vicana, previously known as decolor (Fallén), is the only known azcliine, outside 
Azelia, which belongs to the cowdung community. 

Distribution. Palaearctic: from ca.42°N in Spain, to Inverness (north Scotland) and 
Nordkap (ca.71°N, northern Norway), eastwards to the Urals; in Tadzhikistan appar- 
ently replaced by gymnophthalma. The reputed occurrence of vicana in Iceland and 
east Greenland (Nielsen et al., 1954) is thought to be based on misidentifications 
(Huckett, 1965a): whilst it could perhaps survive in Iceland, its presence in Greenland 
is very unlikely on biological grounds; Greenland records doubtless refer to segnis. 
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Subfamily MUSCINAE 
(figures 50—80) 


Ova. Musca-type. Dorsal hatching pleats carinate, usually extending full length of 
eggs. In some Musca and Morellia species micropilar end of egg produced into median 
horn. For details of chorionic structure see under tribal and generic descriptions. 
Length 1—5S mm. 6--150 ovarioles. 

Larvae.\Trimorphic saprophagous (Muscini), or facultative carnivores (Mesembrinini), 
of generalisel form (except Morellia). Instar 1: Cephalpharyngeal skeleton with long, 
straight pas (rarely curved, and most strongly in Pyrellia tasmaniae). Instar 2: 
cephalopharyngeal skeleton with mh and ans separate (fused only in P. tasmaniae). 
Instar 3: anterior spine bands on segments usually poorly developed beyond thoracic 
segments (except in Morellia and some Musca and Neomyia species). Ventral abdominal 
welts apparently always with large spicules (2except Hennigmyia), often with much 
smaller ones interspersed. Papillae in region of anal plate usually well developed; anal 
plate enormous in many Muscini (e.g. sg. Eumusca and Viviparomusca). 4-18 
prospiracular lobes, always of normal finger-like form. Anal spiracles large to very 
large, slits peripheral to encircling (parallel in Pyrellia spinthera), serpentine to 
tortuous; scar median (rarely central). 

Cephalopharyngeal skeleton robust, with well developed aco (Mesembrinini) or 
with at most a greatly reduced ob (Muscini), ds fused (Mesembrinini) or not. Hs always 
short and robust. Ph always with sm, strong at and angular dorsal tooth on pyc (except 
in Pyrellia tasmaniae); conspicuous sclerotised o/ present (most Muscini) or absent 
(Mesembrinini); pyc and pdce symmetrical, or latter shorter (i.e. never much longer, as 
in some Azeliinae). Length up to 20mm. 

Puparia. Of generalised form (except Morellia) but sometimes (in Mesembrinini) 
with very strongly raised perispiracular rim. Orange-yellow to blackish-red except in 
Musca (sg. Eumusca and Viviparomusca) in which they are whitish or greyish. Length 
3.5—14mm. An.sp. 0.11—0.65 mm. Ceph. skel. 1.08—3.00 mm. AB = 0.023—0.090. 

Biology. Apart from the Reinwardtiinae this is the only muscid subfamily in which 
vivipary (and ovo-vivipary) is common, and it is in these species that the lowest 
fecundity is recorded (i.e. Mesembrina). At the other extreme Musca domestica has an 
ovariole number comparable with Hydrotaca dentipes. Whilst all species are probably 
capable of reaching maturity on a wholly coprophagous diet, the Mesembrinini are 
carnivorous if the opportunity arises and some (i.e. Polietes domitor ctc.) are extremely 
aggressive predators. A striking feature of the Muscinae is the fact that their larval 
economy centres on the dung of mammalian herbivores, though a few have become 
more eurytopic, possibly through synanthropy, and Musca domestica is probably the 
most polyphagous insect known. Adults of Musca and Morellia range from facultative 
to obligative sweatflies and some are blood-fecders. Several of these transmit parasites 
to man and domestic animals. Adults of the Muscini found in temperate regions 
hibernate — a very uncommon phenomenon in most other subfamilies of Muscidae. 

Affinities. Hennig (1965) includes the Hydrotaeini in this subfamily, but I wholly 
agree with Lobanov’s (1976) assertion that that group does not belong here. Lobanov 
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made a more detailed study of the ovipositor than did Hennig, but the larval 
morphology, especially of the mouthparts and anal spiracles, strongly supports 
Lobanov’s view. 

Hennig also distanced the Stomoxyinae from the Muscinae but I cannot agree with 
this. Indeed, Pyrellia tasmaniae combines the larval morphology of the former with the 
adult facies of the latter. These two subfamilies, more than any other muscids, are so 
strongly linked ecologically with the ungulates that it is tempting to propose that 
major speciation here was concurrent with the main period of diversification of these 
mammals in the early Tertiary. Our understanding of the zoogeography of these groups 
and contemporary thought on the chronology of the disintegration of Pangaea would 

support this hypothesis. 
j Hennig’s view that the Muscini are more advanced than the Mesembrinini, having 
lost the aco, appears justified. The larval morphology of the Mescmbrinini is very 
similar to the lower Azeliinae and to certain Reinwardtiinae. 

Distribution. Mainly Palaeotropical, but Mesembrinini mainly Holarctic, as is 
Eudasyphora. The relationship between the many Neotropical Muscini and the Old 
World genera not yet clarified. 


Tribe MESEMBRININI 
(figures 50-55) 


Ova. Sce under generic descriptions. Length 2—5 mm. About 6—35 ovarioles. 

Larvae. Trimorphic facultative carnivores. Instar 3: 5—18 prospiracular lobes. Anal 
spiracles with slits peripheral, serpentine to tortuous; scar median. 

Cephalopharyngeal skeleton always with well developed aco but of absent. Length 
up to 20mm. 

Puparia. Of generalised form but often rather distinctive (see Mesembrina, sg. 
Pseudophaonia and Hennigmyia). Length 5.9-14mm. An.sp. 0.19—0.55 mm. Ceph. 
skel. 1.08 3.00mm. AB = 0.024—0.04S. 

Biology. The adults lay few eggs, which are sometimes of huge size (i.e. Mesembrina), 
but vivipary may also occur in Mesembrina. Larvae can reach maturity without 
resorting to carnivory and certain species (i.e. Polietes lardaria) appear reluctant to 
practice it. Other species (such as P. domitor), given the opportunity, are amongst the 
most voracious of known muscid predators. The only recorded pabulum is the dung of 
ungulates, but the adults are attracted to a wide range of odious substances as well as 
flowers and honeydew. They appear to be wholly inoffensive to man and are probably 
entirely beneficial as controllers of noxious fly populations. 

Affinities. Collin (1948) first recognised the close affinity between Polietes and 
Mesembrina, whilst Hennig (1965) suggested that Graueria (= Hennigmyia) also 
belongs here. Interestingly enough I recognised the puparium of Hennigmyia as 
belonging to this tribe before I had the associated adults checked by Mr Pont (they 
were amongst unidentified material in the Patton Collection at Manchester Museum). 
The relationship between the genera is by no means apparent on readily accessible 
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Figure 50. Hennigmyia setinervis: a, cephalopharyngeal skeleton from puparium: b, puparium 
(dorsal view); c, anal plate of puparium; d, spiracles of puparium. (Scales: a, c and d 0.244mm, 
b 0.606 mm) (Orig.). 





adult characters but the larval mouthparts and anal spiracles are very similar. Outside 
the Muscinae, this tribe most closely approaches the lower Hydrotaeini and Phgonina, 
here tentatively included in the Reinwardtiinae but perhaps really a mesembrinine. A 
very small tribe, this is presumably older than the Muscini, most of which have lost the 
aco. 

Distribution. Mainly Holarctic but including the Afrotropical genus Hennigmyia. 


Genus Hennigmyia Peris 


Hennigmyia setinervis (Stein) 
(figure 50) 


Puparium. Very smooth, glossy deep red, translucent, with unusually pronounced 
segmental boundaries and swollen segments. Surface devoid of any sculpture, tranverse 
striations, or folds. Ventral abdominal welts, including pre-anal, represented by slightly 
rugose areas, devoid of spicules (at x 100), along segmental fore-margins. Anal plate 
conspicuous, dull blackish, coarsely rugose and strongly transverse; 5 prospiracular 
lobes. Anal spiracular plates contiguous, shining black with yellow slits (S—6; 4; 6—7). 

Cephalopharyngeal skeleton very similar to Polietes. Length 5.9mm. An.sp. 
0.19 mm. Ceph.skel. (0.22:0.13:0.64) = 1.08 mm. AB = 0.032 ( = 3). 

Material studied. 26, 19 with puparia, Kampala (Uganda), 8.x.32, E.G. Gibbins, 
Patton Coll. (McM). 

Biology. Pabulum not stated on above specimens, but larvae probably found in 
dung. 
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Affinities. The close affinity between this genus and Polietes, suggested by Hennig 
(1965), is clearly seen in the morphological details given here. The adult shares with 
Polietes the straight discal vein, setose pteropleuron and the narrow thoracic squama. 
Pont (1980) lists 2 others described species, ortizi Peris from Fernando Po, and zumpti 
Zielke from South Africa. 

Distribution. Afrotropical; setinervis is known from Tanzania and Uganda. 


Genus Polietes Rondani 
(figures 51—53) 


Ova. See under lardaria. 

Larvae. Instar 3: ventral abdominal welts conspicuously spiculate and papillae of 
anal region well developed; 5—12 prospiracular lobes. Anal spiracular slits serpentine 
to highly tortuous. 

Cephalopharyngeal skeleton with conspicuous aco and often cut. Length up to 
17.5 mm. 

Puparia. Very diverse in external appearance and all known species readily 
separated. Length 6.5—9.5mm. An.sp. 0.19-0.33mm. Ceph.skel. 1.10—2.10mm. 
AB = 0.024—0.037. 

Biology. Only known to develop in the dung of herbivorous animals. In the final 
instar some are amongst the most highly carnivorous dipterous larvae known, although 
all are probably capable of reaching maturity on a wholly coprophagous dict. Possibly 
throughout the range of the genus the species spend winter in the larval stage, either in 
the pabulum or in the soil below. The adults are attracted to excrement, flowers, 
honeydew and sunlit surfaces generally. 

Affinities. The fact that true affinities in the Muscidae are often much more readily 
demonstrated in larval than in adult features is probably nowhere more apparent than 
in this genus. It is remarkable that insects so obviously related as Polietes, Mesembrina 
and Hennigmyia should be so dissimilar in adult appearance, whilst a superficially near- 
identical pair such as Polietes domitor and Morellia simplex should have such totally 
different larvae. L'vidently larval diversification has proceeded much more slowly than 
that of the adults. 

Formerly placed in the Phaoniinac, Polietes was shown by Collin (1948) to belong 
in the Muscinae near to Mesembrina. The main features which had confused earlier 
authors are the course of the discal vein and the strong hind-tibial calcar. Polietes and 
Hennigmyia are the only known muscine genera in which the cubital and discal veins 
are parallel or nearly so, 

Malloch’s taxon Pseudophaonia is here retained as a subgenus because the 2 known 
species differ in many respects from other Polietes. 

Distribution. Holarctic: restricted to temperate regions with 8 Palaearctic and 2 
Nearctic species. 
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Subgenus Pseudophaonia Malloch 


Polietes (Pseudophaonia) hirticrura Meade 
(figure 51 a—g) 


Ovum. Very similar to lardaria. 

Larva, Instar 3: mature larva rather like P. domitor but much larger, and deeper 
yellow. Basal antennal segment without black granule. Caudal segment with dorsal 
grooves more distinct, and more concave perispiracular field; 5—6 prospiracular lobes. 
Anal spiracular slits serpentine (2:2;2). 

Cephalopharyngeal skeleton very like P. domitor but much smaller (despite much 
larger size of larva), and without cut. See also Thomson (1937). Length up to 15mm 
(nw = 12). 

Puparium. Of very distinctive form, as noted by Thomson (1937), by virtue of large 
size, glossy appearance, conspicuous ‘frontal knob’ and strongly carinate perispiracular 
rim on caudal segment. Integument usually almost smooth, brilliantly shining trans- 
lucent dark red, but sometimes more extensively striate, especially on segmental margins 
or ventrally between the welts. All muscle scars and segmental margins marked by 
cuticular knots. Ventral abdominal welts 1—7 conspicuous, with 3—7 transverse rows 
of large spicules and sometimes with a further row of very much finer ones behind. 
Pro- and mesothorax subglobose, forming pronounced ‘frontal knob’. Caudal segment 
with coarse black folds encircling perispiracular field to form irregular strong carina 
whence on dorsal surface the 3 dorsal grooves run forward to the base of the segment. 
Anal plate fairly large, surrounded by the heavily rugose non-spiculate papillar area, 
with which it is sunk into the ventral surface of the caudal segment; remnants of small 
postanals and extra-anals, and large subanals usually present. Pupal horns minute. Anal 
spiracles large, separated by about the width of one. Length 8.0 - 9.0mm. An.sp. 
0.20--0.23 mm. Ceph.skel. (0.27; 0.12; 0.80) = 1.10 mm. AB = 0.025 (” = 18). 

Material studied. 12 instar 3 larvae, Rhyd y Creuau, Clwyd (Wales) 25.ix.79; 1 
puparium, Middlewood, 6.vi.1963; 2 puparia, Lyme Park, 17.iii.65; 26, 2? with 
puparia, Higher Poynton, Cheshire, 9.v.1963; 1 puparium, Quernmore, Lancashire, 
4.v.64; 2 puparia Shaw, 8.iii.75; 2¢ ex larvae, em, 5.v.63, ‘in pupal stage about 2 
weeks’; 3¢ with puparia coll. 9.iii, em. 5.iv.75, Slackcotes, Greater Manchester 
(England): all collected from cow dung, P. Skidmore (MAGD). 

Biology. Thomson found that in oviposition habits and fecundity this species 
closely resembles Jardaria but that on reaching the final instar, about 2 days after 
leaving the egg, the larvae become highly carnivorous, My experience is that they are 
quite as voracious as P. domitor, contrary to the findings of Thomson, but that they 
may be less cagerly cannibalistic. Where the opportunity arises /irticrura \arvae appear 
to be particularly predatory on those of Mesembrina meridiana. 

Just before pupariation the larva hollows a cell in the dung or, if this is very shallow, 
just below the soil surface. Winter in northern England is spent in the larval stage, 
pupariation occurring in late March or during April. In summer the life cycle takes 
about a month. 
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Figure 51. Polietes (Pseudophaonia) hirticrura: a, cephalopharyngeal skeleton of mature larva; b, 
puparium (dorsal view); c, pupatium (ventral view); d, detail of spiculation on ventral abdominal 
welt on segment 5 of puparium; e, posterior view of puparium; f, posterior end of puparium 
(lateral view); g, left anal spiracle of puparium; P. (P.} orichalceoides: h, puparium (lateral view); i, 
perispiracular field of puparium; j, anal spiracles of puparium. (Scales: aand d 0.2 mm,b,c,e,f,h 
andi 0.78 mm, g and j 0.1 mm) (Orig.). 


178 


This fly is only known to develop in cow dung and it is a familiar and important 
member of the community in northern Britain. But the adults also visit human faeces, 
numerous flowers (i.c. Heracleum, Cirsium, Juncus) and honeydew on Salix and Acer 
pseudoplatanus. They may be seen basking in the sunshine on tree trunks, walls or 
fences, sometimes amongst congregations of Polietes lardaria, but the species is most 
readily encountered in the larval or puparial stage. The reason for this is not readily 
apparent since the species is a large conspicuous fly which cannot be easily overlooked. 

Affinities. Whilst this species is clearly closely related to other Polietes, | am 
retaining subgeneric status for it to emphasise that within the genus its closest 
affinities lie with the Nearctic Pseudophaonia orichalceoides treated below. It has been 
shown that Airticrura is synonymous with the other Nearctic Pseudophaonia, 
griseocoerulea Malloch. The fact that Pseudophaonia occurs also in the Nearctic, whilst 
Polietes s.str. is strictly Palaearctic may imply that Pseudophaonia is the older group. 

Distribution. Holarctic: Palaearctic range remarkably discontinuous, being known 
only from Britain (common from central Wales, Cheshire and North Yorkshire to 
northern Scotland), from Altai to Yakutsk in Central Asia (Sychevskaya, 1972) and 
Mongolia (Pont, 1977a). In the Nearctic it is known from New Hampshire, Washington 
and Alaska (Huckett, 1965b). 


Polietes (Pseudophaonia) orichalceoides (\luckett) 
(figure 51 h—j) 


Puparium. Very like hirticrura but ventral abdominal welts 2—7 with larger spicules 
(0.03—0.09 mm) in about 4—6 transverse rows (6—7 on pre-ana] welt), anal region 
with distinct extra-anal, subanal and postanal papillae and very rugose in contrast to 
coarsely folded segment 8 on which the folds are more broadly foliate around the 
sunken perispiracular field; 6—7 prospiracular lobes. Anal slits tortuous (4; 3; 5). 
Length 8.30mm. An.sp. 0.20mm. AB = 0.024 (n = 1). 

Material studied. 1? with puparium, Gt. Deer, Saskatchewan (Canada), 24.v.49, 
J.R. Vockeroth (CNC). 

Biology. Pabulum unspecified but presumably cow dung. 

Affinities. The type-species of Pseudophaonia, this is very closely related to 
hirticrura, When more material has been examined the two may prove to be separabic 
only on adult characters, but the tortuous anal spiracular slits appear to be diagnostic. 

Distribution. Nearctic: known from California, Colorado, Michigan and Maine north 
to Saskatchewan and Quebec (Huckett, 1965b). 


Subgenus Pofietes Rondani sensu stricto 


Polietes (s.str.) lardaria (Fabricius) 
(figure 52) 


Ovum. Hinton (1960) describes and figures the egg. As in the Stomoxyinae the 
aeroplyes of the median chorionic layer are extremely tall and narrow. Length 2.2— 
2.3 mm. 30—34 ovarioles. 
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Figure 52. Polietes (s.str.) lardaria: a, mature larva (lateral view); b, ventral abdominal welt 4 of 
same, showing details of spicules in medioventral region; c, anal region of mature larva (ventral 
view); d, caudal segment of same (lateral view); e, anal spiracle of mature larva; f, head and 
prothorax of mature larva (ventral view); g, prospiracular process of mature larva; h, puparium 
(ventral view) showing detail of spicules; i, anal spiracle ot puparium. (Scales: a, d, h 1.6mm; 
b, c, f 0.78 mm; details of spicules in b, e, g; i 0.20 mm, details of spicules in h 0.10 mm) (Orig.). 
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Larva. Trimorphic facultative carnivore. Instar 3: very like Mesembrina meridiana 
but whitish rather than yellow and otherwise differing in many respects. Head with 
oral grooves much finer than in meridiana and extending broadly onto dorsal surface. 
Prothoracic collar with broader band of rows of finer serrations. Meso- and meta- 
thorax non-spiculate and abdominal segment 1 with only a few small ones on each 
side of mid-ventral line; entire dorsal surface without spicules on any segments. 
Ventral abdominal welts 2—7 with numerous spicules, the larger about 0.1 mm, the 
smallest about 0.02mm, these latter on anterior faces of welts and along medio- 
ventral line where there is usually a break in the vestitute of larger spicules. Pre-anal 
welt uninterrupted medially. Anal region with smooth subanal, shining anal, and 
spiculate postanal papillae, whence a band of spicules follows hind-margins of anal 
plate almost to level of upper edge; 8—13 prospiracular lobes (usually 11). Anal 
spiracles large, separated by about a third the width of one; slits much less tortuous 
than in meridiana (4—8; 5—8; 6—7). 

Cephalopharyngeal skeleton with ms strongly asymmetrical, the left one with 
complex inner processes which lock into irregular concavities on inner face of right 
one, and left md sharper and more blade-like than right one. See also Keilin & Tate 
(1930). Length up to 17.5 mm (# = 105). 

NB. In one specimen there were 8 prospiracular lobes, no spicules on abdominal 
segment 1 and the anal spiracular plates were contiguous 

Puparium. \ntegument opaque, dirty blackish-red, dulled by close transverse 
striations throughout, those on caudal segment not obviously coarser. Ventral 
abdominal welts 2—8 conspicuous. Anal plate very transverse with scars of small 
postanals and subanals behind (extra-anals absent). Caudal segment with perispiracular 
region closely and uniformally rugose. Anal spiracles black, reddish medially with slits 
yellow, their conformation remarkably constant. Pupal horns very short (ca. 0.20mm). 
Length 7.9—9.5 mm. An.sp. 0.29—0.33 mm. Ceph.skel. (0.42; 0.21; 1.27)—(0.47; 0.23; 
1.40) = 1.90--2.10 mm. AB = 0.035—0.037 (n = 8). 

Material studied. 105 mature larvae, Rhyd y Creuau, near Betws-y-Coed, Clwyd, 
Wales 25.ix.1979; England: 3 puparia, coll. as larvae, 19.iii.1975; 1d 19 ex puparia 
from found 26.iii.1962, em. 8—10.v.1962, Shaw, Greater Manchester (in puparium 
3—4 weeks); 3 puparia, Brock Vale, Lancashire, 13.iv.1963; 1 puparium, Wood Fidley, 
Hampshire, 20.iv.1956. All from cow dung or from soil below, P. Skidmore (MAGD). 

Biology. The female lays about 34 eggs during one ovarian cycle, singly or in pairs 
deep down amongst the vegetation around fresh cowpats, and on hatching the young 
first instar larvae migrate into the dung where they feed gregariously until just before 
pupariation when they usually burrow into the soil below to a depth of up to 4 
inches. Here they hollow out a cell in which to pupate. Although final instar larvae are 
structurally equipped for a carnivorous mode of life, I have found no evidence of 
carnivory in the literature or in my own experience. Larvae overwinter in old cowpats 
and do not enter the soil until late March. Exceptionally puparia may be found in the 
dung (e.g. the Wood Fidley example mentioned above). 

The great success of this species is surprising in view of its rather low fecundity and 
apparently non-carnivorous habits, but the habit of vacating the crowded larval habitat 
for pupariation and its communalism in both larval and adult states may be important 
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factors. Although only recorded from cow dung, it probably develops in human faeces 
and horse dung, both of which strongly attract the adults. Other attractants include 
carrion (Gregor & Povolny, 1964), odious fungi including Phallus impudicus, various 
flowers (Parmenter, 1949; Cuny, 1978) and honeydew (Tiensuu, 1936). The adults 
usually congregate in vast numbers, often rising as one when disturbed. At night or 
during heavy rain the undersides of branches are often covered with these flies, closely 
huddled side-by-side. 

Scott (1953) records adults overwintering in houses in Britain, but this must be 
extremely unusual although in very mild areas (e.g. Cornwall, according to Thornley, 
1935) the flight period extends into December. The earliest adults of the year usually 
appear during May in Britain, and the life cycle takes about 4 weeks in summer. Cuny 
(I.c.) suggests this species is bivoltine in Switzerland, where it favours dry wooded areas. 

This fly poses no threat to human health or economy; Greenberg (1971) regards it 
as a typical hemi-synanthrope. 

Affinities. The type-species of Polietes, this has 2 very close relatives, meridionalis 
Peris & Llorente, from the Mediterranean subregion and nigrolimbata, discussed 
below, The group has clear affinities with Mesembrina and is restricted to the 
Palaearctic region. 

Distribution. Palaearctic; southern Portugal through Crete to Japan, northwards to 
Orkney, southern Norway (ca. 64°N.) and the southern Urals. Further north replaced 
by nigrolimbata, further south at least partially by meridionalis. 


Polietes (s.str.) nigrolimbata (Bonsdorff) 


Ovum. Figured and described by Iwasa (1980) but probably indistinguishable from 
lardaria, Length 2.5 mm. 

Larva. Instar 3: Very similar to Jardaria but according to Iwasa the spiculate area 
behind the anal plate is restricted to the hind-margins of the postanal and subanal 
papillae, the average number of prospiracular lobes is less (8—11), the anal spiracles are 
rather smaller as is the cephalopharyngeal skeleton. Length up to 15mm. An.sp. 
0.24 mm. Ceph.skel. (0.43; 0.16; 1.07) = 1.61 mm. 

Biology. Iwasa (1980) states that the eggs are laid beneath the edges of cowpats and 
the larvae are apparently coprophagous. Bonsdorff’s specimens were taken from 
flowers of Sorbus aucuparia and Tiensuu (1936) records them at honeydew. According 
to Ringdahl (1951) an arctic highboreal species occurring from the conifer belt into 
the subarctic region. Perhaps associated with Reindeer in parts of its range. 

Distribution. Palaearctic: Troms6 area (Norway), central and northern Sweden and 
Finland eastwards through southern Urals, Siberia and Manchuria to Petropavlovsk 
(Kamchatka) (Sychevskaya 1974) and Hokkaido (Japan). 


Polietes (s.str.) domitor (Harris) (albolineata (Fallén)) 
(figure 53) 


Ovum. Very like that of Jardaria. Length 2.0 mm (n = 4). 
Larva. Instar 2; cephalopharyngeal skeleton very like Mesembrina meridiana but mh 














Figure 53. Polietes (s.str.) domitor: a, cephalopharyngeal skeleton trom puparium;: b, head of 
mature larva (ventral view); c, same in lateral view; d, anal spiracle of puparium; e, puparium in 
dorsal (right) and ventral view (left); f, puparium (lateral view); g, detail of spiculation of ventral 
abdominal welt on segment 5 of puparium. (Scales: a, b and c 0.20 mm, d and g 0.10 mm; e and f 
1.0 mm) (Orig.). 


more lightly sclerotised and not fused throughout (Schumann). Instar 3: distinctive, 
slender creamy-white larva, opaque and hard and waxy to the touch. Head with about 
10 mostly unbranched oral grooves and basal antennal segment with internal black 
granule. Prothorax with numerous rows of blunt, close-set spicules on front half. 
Ventral abdominal welts unbroken medially and postanal region non-spiculate: 8 -11 
prospiracular lobes. Anal spiracular plates very large, scar almost central, slits 
tortuous. 

Cephalopharyngeal skeleton massive in relation to the size of the larva; ob toothed 
anteroventrally. Distinct row of cut present. See also Schumann (1963). Length up to 
10mm. 
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Puparium. Shining, pale orange, translucent with cuticle slightly dulled by very fine 
surface reticulations (clearly visible at x 38); anterior and posterior ends also trans- 
versely striate. Ventral abdominal welts with spicules of 2 sizes; 3-6 rows of much 
larger ones along the crest of each welt, succeeded by several rows of much smaller 
ones. Caudal segment more coarsely striate and rugose than preceding segments but 
without the coarse black folds seen in hirticrura. Anal plate conspicuous. Anal 
spiracular slits tortuous (4; 4—5; 4). Length 6.5 mm. An.sp. 0.19—0.20 mm. Ceph.skel. 
(0.37:0.21:1.20) = 1.78 mm. AB = 0.29—0.031 (n = 3). 

Material studied. 4 ova, Howell Wood, South Yorkshire, 10.vi.75; ex horse dung, 3 
puparia, Dunham Park, Greater Manchester (England), vi.63 ex horse dung, P. 
Skidmore (MAGD). 

Biology. Portchinsky (1910) found that the female lays about 14 eggs on fresh 
horse dung. The larvae hatch in about 24 hours and 2 days later they are in the final 
instar when they become highly carnivorous, devouring larvae of Musca, Neomyia, 
Pyrellia vivida, Mesembrina, Hydrotaea, Haematobosca and each other with great 
rapacity. They appear not to prey on smaller larvae such as Sphaeroceridae, and in the 
absence of suitable prey they can reach maturity on a diet of dung alone. As 
Portchinsky pointed out, the extremely active disposition of these larvae, their hard 
skins and their exceptionally robust mouthparts make them highly efficient predators. 

The main enemies of larvae of domitor, apart from each other, are various 
Staphylinid beetles and birds such as crows and startlings which maraud dung lying in 
fields in search of insects and their larvae. 

Portchinsky found that in the Leningrad area the life cycle takes about a mouth 
and this appears also to be the case in Britain, where it is usually the only muscid larva 
commonly found in horse dung, the only known pabulum for the species. Throughout 
its range it appears that this insect controls very efficiently populations of other 
muscids which develop in this medium (see comments under Pyrellia vivida). 
Greenberg (1971) regards it as a slightly thermophilous hemisynanthrope but it 
becomes increasingly rare southwards towards the Mediterranean (Hennig, 1963). 

The adults frequent carrion and faeces (Gregor & Povolny, 1964), honeydew on 
foliage (Tiensuu, 1936), horse dung etc., and have many enemies including Ampis 
tessellata (F.), Schathophaga stercoraria (L.), and lutaria (F.), Coenosia tigrina (F.), 
Mellinus arvensis (F.) and Metacrabro quadricinctus (L.). 

Affinities. Despite its very strong superficial resemblance to species of Morellia, 
there is no particularly close relationship and this muscid is a typical mesembrinine, as 
shown by the larval habits and morphology. Assis Fonseca (1968) records the rare, 
related species steinii Ringdahl swarming around very fresh horse dung. 

Distribution. Palaearctic; Azores, through Portugal and southern Soviet Union to 
Mongolia and Japan, northwards to northern Scotland, Lapland and. Yakutia (Siberia). 


Genus Mesembrina Meigen 
(figures 54—55). 


Ova. Very large and with unusual chorionic structure (sce under meridiana). Length 
up to 5mm. 
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Larvae. Very similar to Polietes but in third instar with 10--18 prospiracular lobes 
and anal spiracular slits often more tortuous. Length up to 20mm. 

Puparia. Generally larger and more heavily sclerotised than in Polietes. Length 10 
14mm. An.sp. 0.36—0.55 mm. Ceph.skel. 2.86—3.00 mm. AB = 0.030—0.045. 

Biology. Ovoviviparous species whose larvae are predatory in final instar and 
develop in the dung of ungulates. Most species probably uni- or bivoltine (except 
meridiana). 

Affinities. Hennig (1963) regards this genus as monophyletic and disagrees with 
Townsend’s subdivisions. However, since there are appreciable differences in larval 
morphology and in distribution of Townsend's three groups, I am retaining his names 
as subgenera. Hypodermodes and Pseudophaonia are alike in their anal spiracular slits 
and their Holarctic range, whilst Mesembrina s.str. and Polietes s.str. are Palaearctic. 
Nothing is known of the biology of Eumesembrina, which has one Palaearctic and 
one Nearctic species (resplendens Wahlberg and J/atreillei Robineau-Desvoidy, respect- 
ively). The known puparia resemble Pseudophaonia rather than Polietes s.str. in the 
form of the caudal segment. 

Distribution. Holarctic: 8 Palaearctic and 2 Nearctic species, occurring in montane 
or boreal regions. 


Subgenus Hypodermodes Townsend 


Mesembrina (Hypodermodes) mystacea (Linnaeus) 
(figure 54 a—e) 


Ovum. Figured by Portchinsky (1910). Closely resembling that of meridiana but 
slightly larger. Length about 5 mm. 

Larva. Instar 3: described and figured by Keilin & Tate (1930) and Zimin (1951), 
the following is a redescription based on their work and on material I have examined. 
Antennae very short and oral grooves extending to dorsal surface. Prothoracic 
spicular band broad and closely spiculate, but no similar bands on succeeding segments. 
Ventral abdominal welts 3—8 with close-set rows of large spicules. Anal region with 
large anal papillae on each side of anal pore, these finely striate like rest of anal plate; 
behind this are the postanal and paired subanal papillae, whilst at outer extremity of 
the anal plate is a very conspicuous extra-anal papilla on each side. These papillae are 
all rather small though very distinct, and mainly smooth and shining. No spicules in 
anal region except on pre-anal welt and on postanal papilla. 1|0—16 prospiracular lobes. 
Anal spiracles large, closely approximated, dark orange with black peritreme and 
orange-yellow serpentine slits. 

Cephalopharyngeal skeleton relatively smaller than in meridiana but with much 
larger, more curved mh, right hook sharply curved basally and of uniform width until 
just before the abruptly narrowed apex. Hs rather more elongate than in meridiana, 
with more distinct dorsal tooth. Length up to 20mm. An.sp. 0.40 mm. Ceph.skel. 
(0.50;0.26,2.10) = 2.86 mm (a = 5). 
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Figure 54, Mesembrina (Hypodermodes) mystacea: a, head of mature larva (lateroventral view); b, 
same (lateral view); c, caudal segment of mature larva (lateral view); d, same (ventral view), e, anal 
Spiracle of mature larva; M. (H.) solitaria: f, puparium (lateral view); g, detail of spiculation on 
ventral abdominal welt 4; h, anal region of puparium (ventral view); i, perispiracular field of 
puparium, j, anal spiracle of puparium. Scales: a, b, e 0.12mm, c, d 0.61 mm, f 0.78mm, g 
0.20 mm, h, i 0.4 mm, j 0.10 mm) (Orig.). 
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Puparium, Undescribed, but the larval features noted above should render 
identification an casy matter where no other Hypodermodes occur. 

Material studied. 5 submature larvae (instar 3), Hauga Fjellstolen, Jostedala 
(Norway), 720 m., viii.79, ex cow dung, S. Compton & R. Keys (MAGD). 

Biology. According to Portchinsky (1910, 1911) the female lays about 18 eggs, 
usually singly, in very fresh cow or horse dung, the larvae hatching in either the first or 
the second instar, within less than 24 hours. In the final instar they are highly 
carnivorous, devouring those of Neomyia and other stercoricolous flies, and even 
cannibalistic. In colder regions they are presumably univoltine, the eggs being laid in 
July or August and the winter being spent either as puparia or as mature larvae. 
Pupariation may take place in the dung or in the soil beneath. 

The spectacular adults of this species, the largest widespread Palaearctic muscid, 
have similar habits to meridiana, but seem more addicted to human excrement for I 
have seen large numbers on this medium high above the tree-line on the Patscherkofel 
above Innsbruck (Austria). While in meridiana the sexes are very alike, there is striking 
sexual dimorphism in mystacea. 

Affinities. The genus Hypodermodes was erected for mystacea in allusion to its 
Hypoderma-like appearance, but Hennig (1963) synonymised it with the very closely 
related Mesembrina. He recognised 3 species in the mystacea group, all from colder 
parts of the Holarctic: ¢tristis Aldrich, from the mountains of Szechwan (China), 
decipiens (Loew) from the Siberian Taiga, ranging from Krasnoyarsk to Kamchatka 
(Soviet Union) southwards to Korea, and the Nearctic solitaria Knab. 

Distribution. Palaearctic; boreo-alpine species, ranging from southern Sweden north 
to Murmansk; further south found on the major mountain ranges, from the Atlas 
mountains to Mongolia. 


Mesembrina {Hypodermodes) solitaria (Knab) 
(figure 54 f—j) 


Puparium. Very \arge and strongly resembling meridiana but differing most notably 
in the serpentine respiratory slits and the conspicuous extra-anal papillae. Ventral 
abdominal ambulatory welts on segments 2—7 very distinct and slightly though 
distinctly contracted on medioventral line; about 6-10 rows of spicules on anterior 
face of each welt, and about 4 -6 rows on the posterior face (spicules 0.02—0.05 mm.) 
About 10 rows on pre-anal welt. 13 prospiracular lobes (according to Wharton & Moon, 
1979). Length 12.0mm. An.sp. 0.36 mm. AB = 0.030 (x = 1.). 

Material studied. 1? with puparium, Trinity Valley, British Columbia, (Canada), 14. 
vii.37, H.B. Leech (CAS). 

Biology. Wharton & Moon (1979) describe and figure a puparium found in bison 
dung high in the Yellowstone National Park, Wyoming (U.S.A.) and suggest this is the 
native pabulum and habitat type. However they also record it from cow dung and 
quote Townsend as saying the enormous eggs are laid in that medium. The puparium 
described above lacked pabulum data. 

Affinities. The Nearctic counterpart of mystacea which it resembles in most respects. 
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Distribution. Nearctic: Idaho, Colorado, Minnesota and Michigan north to Mt. 
McKinley, Alaska (U.S.A.), Fort Smith, N.W.T., and Macdiarmid, Ontario (Canada). 


Subgenus Mesembrina sensu stricto 


Mesembrina (s.str.) meridiana (Linnaeus) 
(figure 55) 


Ovum. Inner meshwork layer 7—9 times thicker than outer, except dorsally 
between hatching pleats where about 2—3 times as thick (Hinton, 1960). Length 4— 
4.5mm. 6 ovarioles. 

Larva, Instar 1: cephalopharyngeal skeleton typically muscine but with unusually 
long straight pas, according to Thomson’s (1937) figure. Instar 2: according to 
Thomson (1937) there. is an additional oral sclerite before the ds and the mh is 
unusually long in relation to combined length of ks and ph (ratio 1:2). Anal spiracular 
slits strongly U-shaped. Instar 3: the mature larva is a very large, fat, deep-yellow 
lethargic maggot with huge anal spiracles in a shallow but distinct depression and 3 
deep dorsal furrows on caudal segment. Head with coarse ora] grooves which just reach 
dorsal surface. Prothorax with minute but distinct serrate rows which are most 
conspicuous close to front margin where there are about 3—5 rows of coarser, darker 
serrations. Dorsal surface of body wholly devoid of spicules except on front margin of 
prothoracic segment. Ventral abdominal welts 2—7 each consisting mainly or large 
spicules (0.05—0.1 mm. long) preceded and followed by small patches of much smaller 
ones (0.01—0.03 mm. long) on each side of medioventral line, along which the welts 
are conspicuously interrupted. First abdominal segment without welt and that on 
segment 2 very weak. Pre-anal welt with large spicules but without median break so 
conspicuous on preceding welts. Anal region with conspicuous postanal and subanal 
papillae but wholly without spicules in this region, although some punctures may 
occur between subanal papillae and upper edge of anal plate; extra-anals absent; 
10-18 prospiracular lobes fringing a conspicuous sclerotised external scar. Anal 
spiracles very large with wide black peritreme and large median scar, slits highly 
tortuous (L0—12; 10—15; 10—12), reddish-brown, surrounded by orange areas, 

Cephalopharyngeal skeleton very robust, of typical mesembrinine form. Mh 
asymmetrical, the left one usually much shorter than right, more blade-like and fitting 
closely into subapical internal groove in the rather blunt-ended right hook; bases of ms 
symmetrical or nearly so. See also Thomson (1937) and Zimin (1951). Length up to 
20 mm (” = 19). 

Puparium, Blackish-red to almost black, often quite glossy although roughened by 
fine tranverse striations. Ventral abdominal welts clearly interrupted medially, except 
the pre-anal one. Caudal segment with very pronounced, often foliose perispiracular 
carina and 3 deep longitudinal muscle scars dorsally. Anal spiracles very large, closely 
approximate with very conspicuously tortuous slits. Length 10O—14 mm. An.sp. 0.45— 
0.55 mm. Cepth.skel. (0.65; 0.37; 2.0) = 3.00 mm. AB = 0.039—0.045 (# = 6). 
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Figure 55. Mesembrina (s.str.) meridiana: a, cephalopharyngeal skeleton of instar 2 larva; b, 
cephalopharyngeal skeleton of mature larva; c, detail of oral sclerities of mature larva showing right 
mouth hook and associated oral bar and anterior ribbon, dental sclerite and accessory stomal 
sclerite and parts of oral bar and anterior ribbon and dental sclerite associated with left mouth 
hook which has becn removed; d, mature larva (lateral view); e, head of mature larva (anterolateral 
view); f, caudal segment of mature larva (lateral view); g, anal region of mature larva; h, detail of 
spicules on ventral abdominal welt as indicated; i, sectional view of medioventral break in welt as 
indicated; j, anal spiracles of mature larva; k, puparium (dorsal view) with anterior cap detached. 
(Scales: a 0.244 mm; b 0.5 mm; c and j 0.25 mm; d and k 1.50 mm;e andi 0.20 mm, f, g 1.56 mm; 
h 0.1 m) (Orig.). 
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I have found meridiana larvae commonly with those of Musca autumnalis, 
Eudasyphora cyanella, Neomyia cornicina, Morellia simplex and hortorum, Haemat- 
obosca stimulans, Haematobia irritans, Polietes lardaria and hirticrura, Mydaea urbana, 
Myiospila meditabunda, Hebecnema umbratica, Hydrotaea albipuncta and militaris, 
and Drymeia vicana, The mature larva usually descends to the lower part of the pat or 
just below the soil surface, where it hollows out a pupal cell. In summer the puparial 
stage in temperate Europe lasts from 2 to 3 weeks. Hammer (1941) records 4—5 
generations annually in Denmark. 

Adult meridiana visit excrement of dogs, humans, cows, horses etc., or adjacent 
walls, fences, tree trunks or vegetation. Flowers also attract them (i.e. Heracleum, 
Pastinaca (Parmenter, 1950)), as does carrion (Gregor & Povolny, 1964). Amongst the 
predators of adults are Asilus crabroniformis (L.) and Metacrabro quadricinctus (L.) 
(Hamm & Richards, 1926). Laurence (1954) records a Trichopria as a larval parasite. 

In Britain the flight period extends from April or May until as late as November or 
even December. In north Wales and northwest England I have found mature larvae in 
February, March, late May, mid-July, early September and October. The last autumnal 
brood of larvae apparently feed up before the winter but do not pupariate until the 
following spring. I have no evidence that they feed during the winter months. Rubio 
(1978) records puparia throughout the year, adults March-October and ova and larvae 
from April-September, suggesting larvae pupate in the autumn in Salamanca (Spain). 

It is possible, in view of the above-mentioned depredations of the larvae of this fly 
upon those of Musca autumnalis, that this species may be of some importance in 
controlling the populations of that species. 

Affinities. This is the type-species of this exclusively Palaearctic subgenus of 4 
species. Presumably the biology of the other 3 resembles that of meridiana, although 
intermedia Zett, which partly replaces meridiana in more northerly latitudes from 
central Sweden through southern Finland and through Baikal to Manchuria, probably 
often breeds in reindeer dung. M. montana Zimin and magnifica Aldrich are only 
known from China. In Mesembrina s.str. the median vein and cell Rs meet the costa 
before the wing apex, and the anal respiratory slits of the third instar larva are 
tortuous, 

Distribution. Palaearctic: from Pyrenees through southern Italy, Bulgaria, Crimean 
peninsula, Georgia and southern Kansu to Amurland, north to northern Scotland, 
Finnish Lapland and across Siberia (to about 58°N) to the Sea of Okhotsk. Montane in 
southern parts of range. 


Tribe MUSCINI 
(figures 56—80) 


Ova. Mostly of the Musca-, less often the Lumusca-type. Length 1.00—2.50 mm. Up 
to 150 ovarioles. 

Larvae. Trimorphic saprophagous type of generalized form (except Morellia), never 
with false legs or anal spiracular processes, the caudal segment being rounded behind 
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(abruptly truncate in Morellia). Instar 1: cephalopharyngeal skeleton of Musca-type 
with pas straight or nearly so. Instar 2: cephalopharyngeal skeleton of Musca-type with 
mh well-sclerotised and separated from ans. Instar 3: anterior spine bands well 
developed on thoracic and proximal abdominal segments (complete in Morellia) and 
ventral abdominal welts distinctly spiculate, with spicules of 2 or more sizes. Anal 
plate very small to huge and papillae of anal region often complete and conspicuous, 
frequently the entire anal region except the plate densely spiculate. Perispiracular field 
sometimes with 6 or more distinct peripheral tubercles or lobes; 4—16 prospiracular 
lobes. Anal spiracles rather small to very large, slits peripheral or encircling, sinuate 
(very rarely), serpentine or tortuous (often extremely so); scar median or, more rarely 
central (see Pyrellia spinthera, the most aberrant muscine known in the arrangement of 
the anal spiracular slits). 

Cephalopharyngeal skeleton remarkably constant in general facies; aco absent, or 
represented merely by a vestigial ob; mac often conspicuous and mh almost always 
asymmetrical (often markedly so); ds separate. Ph with conspicuous sm, very angular 
at, ol almost always present and pyc with strong dorsal tooth (absent in Pyrellia 
tasmaniae). Length 3.25. 8.60mm. An.sp. 0.11—0.68 mm. Ceph.skel. 0.75—2.40 mm. 
AB = 0.023—0.090. 

Biology. The vast majority are stercoricolous, developing in mammalian excrement, 
many exclusively so. Several species however are eurytopic and polyphagous (see 
Musca domestica). Adults of many Morellia and Musca species are attracted to 
mammalian perspiration and some are blood-feeders whose enlarged parastomal teeth 
enable them to reopen healing wounds. These species are of vetcrinary and medical 
importance whilst others, including Musca domestica threaten human hygiene 
through the mechanical transmission of pathogens. 

Affinities. One .of the more clearly defined of muscid tribes, but showing affinities 
with the Azeliinae, Stomoxyinae and Mesembrinini. Pyrellia tasmaniae is remarkable in 
that its larval morphology appears to be more typical of a stomoxyine. The presence 
of reduced ob in the more primitive groups of the tribe infer a mesembrinine ancestry. 
Zielke (1971) provides the most recent revision of the Africotropical members of this 
tribe. 

Distribution. Cosmopolitan, but most numerous in the Palaeotropical regions. 


Genus Morellia Robineau-Desvoidy 
(figures 56-57) 


Ova. Two types occur in this genus, those of simplex and hortorum being identical 
with Neomyia cornicina, whilst hortensia has a median respiratory horn as in species of 
sg. Eumusca. Length 1.3—2.2 mm. 

Larvae. Trimorphic saprophagous maggots of unmistakable form having a hard, 
conspicuously reticulated integument and a characteristically abruptly diagonally 
truncate caudal segment with the perispiracular region strikingly flattened; 4—9 
prospiracular lobes. Anal spiracles very large, usually separated by at least the width of 
one and with tortuous respiratory slits (8-15; 3-10; 3-11). 
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Cephalopharyngeal skeleton with ds separated, mac present, mh symmetrical or 
not, aco always absent, ol absent, sm distinct and a conspicuous dorsal tooth on pve. 
Length up to 10mm. 

Puparia. The distinctive larval form is here greatly accentuated, rendering Morellia 
puparia amongst the most unmistakable of all muscids. Important diagnostic characters 
are the size and arrangement of the spicules on the abdominal welts and the reticulate 
sculpture of the integument. Length 4.52—8.00 mm. An.sp. 0.17—0.35 mm. Ceph.skel. 
1.15—1.70mm. AB = 0.036—0.044. 

Biology. Only known to breed in the dung of ungulates, especially cattle. Séguy’s 
(1923) assertion that the larvae are zoophagous is certainly incorrect as they are 
wholly coprophagous. Oviposition habits vary from those like kortorum and simplex, 
which excavate egg chambers in fresh dung as in Neomyia, to hortensia, which lays just 
below the surface, the horn extending out of the dung as in sg. Eumusca. The adults of 
many species are sweatflies, some probably haematophagous. Flowers, faeces and 
putrifying matter are additional attractants for adults. 

Affinities. The remarkable larval morphology sets Morellia apart from other 
muscines, although there are clear affinities with Musca on the one hand and Neomyia 
on the other. Hennig (1964) expresses uncertainty regarding the identity of the 
neotropical genus Parapyrellia Townsend, suggesting it may not be distinct from 
Morellia. Morellia adults, like Musca, lack a mid-tibial posteroventral bristle but differ 
in the gently curved median vein. 

Distribution. Mainly Old World, especially numerous in Afrotropical Region; 2 
species occur in Nearctic, one of them endemic. The assignment of the Neotropical 
species recorded under this genus is uncertain as they may belong with Parapyrellia in 
a separate genus. 


Morellia aenescens Robineau-Desvoidy 
(figure 56 a—h) 


Larva. Instar 3: mature larva smaller than other European Morellia with caudal 
segment more dorsoventrally flattened and spiracular slits separated by about 3 times 
the width of one (Portchinsky, 1910); 4—5 prospiracular lobes. The detailed description 
by Petrova (1971) of the supposed larva of this species differs markedly from that 
described and figured by Shinonaga & Kano (1974). The latter agrees in most respects 
with puparia examined by me and forming the basis of the description below. 

Puparium. Much smaller and more delicate than hortorum and with more widely 
spaced anal spiracles (Stork, 1936). Spicular bands with spicules at most as long as 
wide and very blunt, arranged in regular manner in tranverse reticulae; before 
abdominal intersegmental sutures about 3—4 rows of smaller spicules, behind sutures 
about 4—5 rows of larger, broader ones. Subcutical reticulae large and coarse, mainly 
transverse dorsally but, especially on thoracic segments, the superficial longitudinal 
shagreenation is very conspicuous. Cuticular folds in anal region broadly rounded and 
densely covered in blunt spicules. Length 5.46—6.10mm. An.sp. 0.20—0.23 mm. 
Ceph.skel. (0.25; 0.20; 1.00) = 1.45 mm. AB = 0.037—0.038 (” = 15). 
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Figure 56. Morellia aenescens: a, cephalopharyngeal skeleton of mature larva; b, puparium (dorsal 
view); c, same (ventral view) (note that cuticular sculpture only partly shown); d, detail of cuticular 
sculpture and spiculation along mediodorsal region of abdominal segment 4; e, detail of spicules on 
anterior spine band of same segment; f, cuticular sculpture on thoracic segments; g, prospiracular 
process of mature larva showing also cuticular striations; h, anal spiracle of puparium (slits clarified 
in lower figure); M. micans: i, detail of cuticular sculpture and spicules along mediodorsal region of 
abdominal segment 4 and front margin of 5;j, anal spiracle of puparium, showing form of slits in 2 
further examples (@ and 6). (Scales: a, d, f, i 0.20 mm; b, c 0.78mm;e, g,h 0.10 mm;j 0.11 mm) 
(Orig.). 
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Material studied. 15 puparia, Mickletown, South Yorkshire (England), coll. 27 vii.76, 
as larvae in horse dung with Microchrysa larvae and Sphaerocera curvipes puparia, 
P, Skidmore (MAGD). 

Biology. In Denmark the entire life cycle takes 24 days (Hammer, 1941) but 
occurrence of adults in Britain suggests the species is bivoltine, adults appearing from 
April to early June, depending on spring temperatures, and in July and August. Mainly 
breeds in horse dung but Hammer also found it in cow dung. 

M. aenescens is unusual in that the adults are not sweatflies, and this may be why it 
is less often recorded than other species. Adults appear to be particularly fond of 
Ranunculus repens flowers in wooded pastures. 

Affinities. In many respects this stands apart from other Palaearctic Morellia, Sexual 
dimorphism is more marked and the adults are not addicted to mammalian perspiration. 

Distribution. Palaearctic: from Huesca (Spain, Peris & Llorente, 1963) castwards 
through the Caucasus and Kazakhstan to Japan, northwards to central Scotland, 
northern Lapland and Kola peninsula through Urals to Sikhote-alin. 


Morellia hortorum (Fallén) 
(figure 57 a--d) 


Ovum. Identical in size, shape and chorionic structure to Neomyia cornicina. Length 
2.1—2.2 mm (Hinton, 1960). 

Larva. Instar 1: cephalopharyngeal skeleton very like Musca species. Instar 2: 
similar to Neomyia cornicina but ans much more lightly sclerotised, not obviously 
fused dorsally, and ph with at obsolete (Schumann, 1963). Instar 3: Schumann (1963) 
notes that the mature larva of hortorum differs from simplex in the much more 
tortuous anal spiracular slits (14-15; 10; 10-11). Other differences are as follows: 
subcuticular reticulae smaller, more isometric, often nearly quadrate; spicular bands 
much wider, extending broadly across intersegmental sutures so that about 3—4 rows 
precede, and 5—6 rows succeed each abdominal suture; the spicules themselves, which 
are largest towards the hind-end of each spicular band and are longest on the precaudal 
segment and in the anal region, are mostly elongate and parallel-sided (up to 5 times 
longer than broad), truncate or emarginate apically. Arrangement of spicules rather 
regular; 7—9 prospiracular lobes. Length up to 10mm. See also Shinonaga & Kano 
(1974). 

Puparium. Easily recognisable by the broad spicular bands and very fine subcuticular 
reticulae. Longitudinal shagreenation rather distinct, at least anteriorly. Length 
7-8 mm. An.sp. 0.3mm. Ceph.skel. (0.38; 0.23; 1.10) = 1.70 mm. AB = 0.037—0.043 
(n = 4). 

Material studied. 1? with puparium, Shaw, Greater Manchester (England), coll. 11. 
iii, em. 4.iv.75; 1? with 3 puparia, Maentwrog, Gwynedd (Wales), vii.67, P. Skidmore 
(MAGD). From cow dung. 

Biology. Hammer (1941) studied the biology in Denmark; the female lays about 70 
eggs and the metamorphosis takes appreciably longer than in simplex, requiring 35— 
37 days at ‘normal temperatures’, ic. 33—49°F in the shade. He recognised three 
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Figure 57. Morellia hortorum: a, cephalopharyngeal skeleton of mature larva; b, oral sclerites of 
mature larva (dorsal view), separated to show internal surfaces; c, detail of cuticular sculpture and 
spiculation along mediodorsat area of abdominal segment 4 and front margin of 5; d, anal spiracles 
of puparium (slits clarified on lower figure); M. ?podagrica: e, detail of cuticular sculpture and 
spiculation along mediodorsal area of abdominal segments 4 and 5 of mature larva; f, anal spiracle 
of mature larva; M. simplex: g, puparium (dorsal view) (sculpturation not shown); h, anal region of 
puparium (ventral view); i, detail of cuticular sculpture and spiculation along mediodorsal area of 
abdominal segment 4 and front margin of 5 of puparium; M. Aortensia: j, detail of cuticular 
sculpture and spiculation along mediodorsal area of abdominal segment 4 and front margin of 5 of 
puparium; k, detail of spicules in location indicated; 1, detail of spicules on dorsal hind-margin of 
abdominal segment 7; m, anal spiracle of puparium, (Scales: a, b, m 0.20 mm;c, e, f, i, j 0.24 mm; 
d 0.10mm;g, h 1.0mm; k, 10.12 mm) (Orig.)}. 
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generations annually in Denmark, where the winter is spent in the puparial stage. 
Aspects of biology are also dealt with by Portchinsky (1910), Riley & Johanssen 
(1934) and Schumann (1963). It is only known to develop in cow dung, and the adults 
visit faeces, flowers and honeydew (Tiensuu, 1936). Hamm & Richards (1926) record 
hortorum as prey of the Sphecid wasp Thyreopus cribrarius (L.). Like simplex it isa 
well known sweat-fly. According to Greenberg (1971), a communicative exophilic 
hemi-synanthropic symbovine, the females of which are facultative haematophages. He 
also records them from carrion and rotting fruit. 

Distribution. Palaearctic; Spain to Shetland and Petsamo, eastwards across Eurasia 
to Japan. In more northerly areas and above the tree-line in mountainous areas it may 
be partly or wholly replaced by podagrica. 


Morellia podagrica (Loew) 
(figure 57 e, f) 


Larva. Instar 3: integument with mainly elongate reticulae, nowhere obviously 
transverse. Spicular bands extending broadly across intersegmental boundaries, with 
2—4 rows before, and 5—7 rows behind the sutures. Spicules rounded to elongate with 
tips mostly truncate or emarginate; 6 prospiracular lobes. Anal spiracles separated by 
twice width of one, slits very ill defined but strongly tortuous. 

This larva is tentatively identified as podagrica but confirmatory material is needed. 
It differs from the specimens of hortorum examined in the present study in having 
fewer prospiracular lobes, less elongate spicules and more tortuous anal spiracular slits. 
Length about 7.5 mm. (body strongly contracted). An.sp. 0.30 mm. AB = 0.40 (# = 1). 

Material studied. 1 submature larva (instar 3), Leirdal, Jostedalen (Norway), 440m., 
4.viii.79, from cow dung in Pinus/Picea woodland, S. Compton & R. Keys (MAGD). 

Biology. The biology of this species has not been studied in detail. Gregor & 
Povolny (1959) record adults from faeces and carrion. 

Affinities. The single larva examined in this study could perhaps be an unusual 
specimen of hortorum, and it would be more useful if Morellia larvae could be collected 
in the Nearctic North where this species occurs but hortorum does not. 

M. podagrica is very closely related to hortorum but the distribution suggests that it 
is tolerant of more extreme climatic conditions. 

Distribution. Holarctic: the Palaearctic range is rather uncertain owing to confusion 
with hortorum, but it appears to replace hortorum in the colder parts of Scandinavia 
and in the mountains of Central and southern Europe. The known range of podagrica 
includes the Pyrenees, Balkans, eastwards through the Caucasus, and Manchuria, north- 
wards to northernmost Norway, and the Kola peninsula. In North America the range 
extends from New York, Montana and British Columbia northwards to Umiat 
(Alaska), Norman Wells (N.W.T.), Churchill (Manitoba) and Mistassini Post (Quebec) 
in Canada. 
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Morellia simplex (Loew) 
(figure 57 g—i) 


Ovum. Probably indistinguishable from hortorum. Length about 2.0mm. 24 
ovarioles. 

Larva. Instar 3: mature larva with spicular bands much narrower than in hortorum 
and aenescens, being restricted to 3—6 rows placed well behind the interscgmental 
sutures, with at most one or two isolated spicules in front of sutures. Spicules inter- 
mediate in shape between hortorum and aenescens being mainly elongate triangular, 
acuminate apically and sometimes (especially in anal region) much longer than wide. 
Mature larvae further differ from aenescens in their larger size, and from hortorum in 
the much coarser subcuticular reticulae which tend to be more transverse dorsally; 
4—5 prospiracular lobes. Anal spiracular slits less tortuous than in Hortorum (8-9; 
3—4; 3-4). See also Thomson (1937) and Zimin (1948). Length up to 10 mm (# = 26). 

Puparium., Distinguished from other known Palaearctic Morellia by spicular arrange- 
ment described above. Length 6.25—8.00mm. An.sp. 0.26—0.35. Ceph.skel. (0.30; 
0.21; 1.00)—(0.35; 0.24; 1.15) = 1.47 -1.70mm. AB = 0.042—0.044 (# = 40). 

Material studied. 13 mature larvae, Rhyd y Creuau, Clwyd (Wales), 25.ix.80; 3d, 49 
with 29 puparia, Shaw, coll. as larvac, 11.iii, em. 5,iv.75, 26 with 8 puparia; Dunham 
Park, Greater Manchester, coll. as larvae 14.iii.63; 36 with puparia, Carnforth, 
Lancashire, em. 30.viii.63; 19 with puparium, Formby, Merseyside, coll. 2.iv., em. 6.iv. 
64; 19 with puparia, 13 larvae, Bentley Common, South Yorkshire (England), coll. 
9.ix.76, P. Skidmore (MAGD). All collected from cow dung. 

Biology. The biology has been investigated by Thomson (1937), Hammer (1941), 
and Zimin (1948, 1951). I have found this to be by far the commonest Morellia 
breeding in cow dung in Britain. 

The eggs are placed in small chambers excavated by the female in fresh cow dung, 
as in Neomyia cornicina. Hammer found that eggs were laid in clusters of 23-35 in 
dung up to a day or two old and Zimin noted that before oviposition the female sips 
moisture from the dung. The egg may take 40 hours to hatch in Scotland (Thomson) 
but only 24 in southern Russia (Derbeneva-Uchova, cited in Hennig, 1964). Thomson 
was not sure whether his species was simplex or hortorum but he found that dung in 
shaded places was favoured; in fact both will also breed in entirely open situations. 
Two days after hatching the larvae are in the final instar and, during the warmer 
months they pupariate in 7—14 days, the puparial stage lasting another 17-18 days. 
Thus, in summer, the entire life cycle takes 23—35 days, depending upon temperature 
and food supply. The only recorded pabulum is cow dung, but since the fly abounds 
in areas with no cattle, the dung of other animals must be used. 

Hammer recognised 4 generations of adults annually in Denmark, the first resulting 
from overwintered larvae emerging in late May or early June, the last in late August or 
September. The life cycle is more rapid than in hortorum and winter is spent in the 
larval stage, pupariation occurring in March or early April. 

Adults of simplex resemble hortorum in their addiction to excrement and 
mammalian perspiration, and when these fail they visit flowers and honeydew or bask 
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in the sun on exposed surfaces. Pont (1973a) notes that, unlike hortensia, this species 
lacks parastomal teeth and is not so accomplished a blood-feeder, although it will sip 
blood flowing from open wounds. 

Affinities. Very closely related to hortensia and to asetosa and to the Nearctic 
micans, this is probably the commonest Morellia throughout much of the Palaearctic, 
and it may belong to the ancestral species group of Morellia. 

Distribution. Palaearctic: southern Spain (Peris & Llorente, 1963) through Crete 
and Turkey to Tadzhikistan, northwards to Shetland, the Arctic Circle and the Urals 
(i.e, not extending as far north as hortorum and podagrica). Further east the occurrence 
of the very similar M. asetosa Baranov and hortensia render older records of simplex 
uncertain. M. asetosa is mainly known from the E. Palaearctic but also occurs in Spain, 
Austria, Hungary, Poland and Yugoslavia. 


Morellia micans (Macquart) 
(figure 56 i, j) 


Puparium. Similar to simplex; integument with mainly isodiametric to transverse 
reticulae, more elongate only in a small lateral area of abdominal segments 2 and 3. 
Spicules quadrate to slightly transverse, truncate, arranged in 1—3 rows (mostly 2) 
well behind the intersegmental sutures, and slightly darker than integument; 4—5 
prospiracular lobes. Anal spiracles separated by about 3 times width of one, with slits 
fairly tortuous as in simplex. Length 5.88mm (Wharton & Moon, 1979 give 6.00-- 
7,00 mm.) An.sp. 0.22 mm. AB = 0.037 (nm = 2). 

Material studied. 2 puparia from culture, Davis, California (U.S.A.), R.A. Wharton 
(TU). 

Biology. Not described in detail in the literature but commonly encountered by 
researchers in cow dung ecology. Coffey (1966) records an adult on pig dung. 

Distribution. Nearctic: California to Georgia northwards to Thane (southern 
Alaska), Fort Simpson (N.W.T.) and Grand Lake, Newfoundland (Canada). 


Morellia hortensia (Wiedemann) 
(figure 57 j—m) 


Ovum. Of characteristic appearance, having dorsal surface extended beyond 
anterior pole to form a small blunt median respiratory horn (as in sg. Eumusca); this 
part of egg yellowish, rest white. Length 1.3—1.4mm. 

Larva. Instar 1: white with caudal segment slightly truncate. Cephalopharyngeal 
skeleton with anteroventral part of pharyngeal sclerite gradually narrowing almost to 
anterior end. Length about 2mm. Instar 3: the detailed description by Petrova (1971) 
agrees in most respects with puparia which I have studied and which form the basis of 
the following description. Shinonaga & Kano’s (1974) details on the other hand are 
rather different in the shape of the spicules. 

Puparium. Easily distinguished from the other species dealt with here as follows: 
integument with mainly isodiametric to transverse reticulae, the latter mainly around 
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segmental margins, the former around the median parts of the segments; laterally on 
proximal abdominal segments a tendency towards more elongate reticulae. Spicules 
hair-like to broadly truncate, very ill defined as they are concolorous with integument 
and hence best seen in silhouette. The finer, hair-like spicules are most dense on the 
anterior margins of the thoracic and first 4 abdominal segments, the hind-margin of 
the seventh abdominal segment (especially dorsally) and in the anal region. About 2--4 
rows of spicules before, and about 5—7 rows behind the intersegmental sutures, the 
more distal rows consisting mainly of the broad, truncate spicules, the finer ones 
mainly in the anterior parts of the spicular bands; 4 prospiracular lobes. Anal spiracles 
with rather tortuous slits (6:4:8), separated by about twice the width of one. See also 
Thomson (1947), Fan (1957), Ferrar (1974, 1979a). Length 4.52—6.06 mm. An.sp. 
0.17—0.22 mm. Ceph.skel. (0.22: 0.13; 0.73)--(0.24; 0.15, 0.80) = 1.07—1.18 mm. 
AB = 0.036—0.038 (n = 24). 

Material studied. 22 puparia, Townsville, Queensland (Australia), ii.1968, P. Ferrar 
(ANIC); 2 puparia, same data (BMNH). 

Biology. A well-known southeast Asian species, this fills the same niche as si#plex 
does in the Palaearctic. The eggs are laid in cow dung upon which the larvae feed, the 
puparia are found in the dung or on the soil beneath and the adults are sweatflies. In 
two respects however this fly differs greatly from simplex and other Morellia dealt 
with here: the eggs are deposited so that their respiratory horn projects above the dung 
surface, and the adults are equipped with well-developed prestomal teeth allowing 
them to re-open healing wounds and to sip blood. The biology of this species is dealt 
with in greater detail by the authors mentioned above, especially by Ferrar (1979a). 
Petrova & Soboleva (1973) found 3 larvae in poultry manure. 

Affinities, Although belonging to the simplex group, this species, as noted above, 
displays two interesting biological differences. The larva also differs quite markedly 
from simplex in the shape and arrangement of the spicules. 

Distribution. Palaeotropical: South Africa to northern India and Japan southwards 
to Australia, where it is probably a recent coloniser and is still spreading southwards 
(Pont, 1973a; Ferrar, 1974). 


Morellia asetosa Baranov (saishuensis Ouchi) 


Larva. Instar 3: the cuticular sculpture, spiculation and cephalopharyngeal skeleton 
are described in detail and figured by Petrova (1971, 1974) (sub nom. simplicissima 
Zimin) and Shinonaga & Kano (1974). These descriptions appear to agree in most 
essentials with simplex and hence these cannot at present be distinguished. Shinonaga 
& Kano state that it is casily distinguished from other Japanese species by the very 
broad blackened aureoles surrounding the anal spiracles, coalescing between them. 
Length 7.5—8.0 mm. 

Biology. Petrova (l.c.) found this to be by far the commonest Morellia in the 
southern part of Primorye territory (U.S.S.R.), breeding mainly in cow dung and 
manure, less often horse and very seldom in poultry manure. 
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Affinities. Presumably the eastern sister species of simplex which it evidently very 
closely resembles in all aspects. 
Distribution. Eastern Palaearctic; sparsely through Europe. 


Morellia abdominalis Stein 


Biology. Cuthbertson (1938) found Jarvae in cattle dung with larvae of Musca 
lusoria and. Dimorphia cognata in October, 1937 near Salisbury (Zimbabwe), and 
noted that the latter species did not attack the Morellia larvae. Pupariation occurred 
under the dung crust and the adults emerged about 10 days later. Males were seen at 
flowers of Asparagus and Rubus, whilst females were only noted sipping liquids from 
fresh cow dung. 

Distribution. Afrotropical; South Africa to east Africa, Cameroon. 


Morellia nilotica (Loew) 


Biology. Cuthbertson (1938) bred this from a heap of cattle and pig dung with 
larvae of Musca domestica calleva Walker in July, 1928 at Salisbury (Zimbabwe). 
The puparial stage lasted 11 days and the flics occur commonly around stables, the 
males also visiting flowers. A sweatfly affecting cattle and humans (Zielke, 1971). 

Distribution. Afrotropical: South Africa to Ghana, Lgypt and Lritrea. 


Morellia basalis (Walker) 


Biology. Wolcott (1936) records adults on foliage of corn, coffee, eggplants, grape- 
fruit and mango flowers. He also notes them suffering from an Entomophthora spccics 
(near calliphorae Giard). 

Distribution. Neotropical: Mexico to Puerto Rico south to Venezuela and Brazil. 


Morellia ochricornis (Wiedemann) 


Biology. Wolcott (1936) records larvae from wet decaying vegetation and adults 
visiting dung. 
Distribution. Neotropical: Mexico to Puerto Rico south to Galapagos and Brazil. 


Genus Pyrellia Robineau-Desvoidy 
(figures 58—59) 


Ova. Only described for fasmnaniae, in which they are of normal Musca-type. 

Larvae. instar 1 and 2: only known in tesmaniae. Instar 3: ventral abdominal welts 
with about 2—5 rows of spicules on segments 2—8; dorsal surface devoid of spicules. 
Anal plate small, not extending half way to level of lower edge of anal spiracle; 4—7 
prospiracular lobes. Anal spiracular slits sinuate to tortuous. 
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Cephalopharyngeal skeleton of very varied form, 0b sometimes absent; pve usually 
with conspicuous abrupt dorsal tooth (absent in tasmaniae). Length up to 10.5 mm. 

Puparia. Of unspecialised form but recognisable on larval characters. Length 4.0— 
6.9mm. An.sp. 0.11—0.23 mm. Ceph.skel. 1.18—1.43 mm. AB = 0.023 —0.034. 

Biology. The only known larval pabulum is the dung of ungulates (cattle and 
horses). 

Affinities. A most unsatisfactory genus; as remarked by Hennig (1963) the main 
distinguishing feature between Pyrellia and Dasyphora (the absence of hairs on ventral 
surface of the radial stem) is not always constant even in vivida, the type-species of 
Pyrellia. The relationships have also been discussed by Cuny (1980). The larval 
morphology of only 3 Pyrellia species is known, but all are so different from one 
another that they cannot reasonably be placed in one genus. P. vivida is extremely 
similar to Eudasyphora cyanella, whilst the other two are not close to Eudasyphora or 
any other known muscine larvae. Indeed on details of larval morphology alone 
tasmaniae would without hesitation be assigned to the Stomoxyinae; yet the adult is 
manifestly a typical muscine. P. spinthera has a typical muscine cephalopharyngeal 
skeleton but a totally aberrant anal spiracle. 

The extreme diversity of forms seen here, combining stomoxyine and muscine 
characters, may suggest that they are remnants of a formerly widespread group from 
which the other Muscinae and the Stomoxyinae developed. 

Distribution. Widespread in the Old World tropics but extending into Palaearctic. 
Absent from the New World. 


Pyrellia vivida Robineau-Desvoidy (cadaverina of authors) 
(figure 58) 


Larva. Instar 3: extremely similar to Eudasyphora cyanella, differing mainly in the 
more abrupt dorsal tooth on the prc; para-anal papillae absent but extra-anals and sub- 
anals distinct; 7 prospiracular lobes. Length 10.5 mm. (Zimin, 1948, 1951). An.sp. 
0.20 mm. 

Puparium. Pale orange-yellow to light-reddish, shining translucent with conspicuous 
cuticular knots along segmental boundaries and muscle scars. Ventral abdominal welts 
on segments 2—8 with spicules of uniform size, arranged in about 5 transverse rows 
but nowhere extending above lower corners of pleural sclerites. Anal plate small, not 
reaching half way to level of lower spiracular edge, bounded in front and behind by 
obscure spicules. Anal spiracular slits slightly tortuous (4—6: 4—5: 4—6). Pupal horns 
short but conspicuous. Length 5.9—6.9 mm. An.sp. 0.20—0.23 mm. Ceph.skel. (0.33; 
0.19; 0.95) = 1.43 mm. AB = 0.033—0.034 (n = 4). 

Material studied. 4 empty puparia, Rouen (France), vii.15, R. Newstead (BMNH). 

Biology. According to Zimin the female lays 24—28 eggs on the upper surface of 
horse dung. In southern Russia in summer the life cycle according to Portchinsky 
(1910) is rapid, for on the second day the larvae are in their final instar, and the 
puparial stage lasts about 10 days (length of larval life not stated). Horse dung is the 
only known larval pabulum, although adults visit carrion. Greenberg (1971) regards 
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Figure 58. Pyrellia vivida: a, cephalopharyngeal skeleton of mature larva; b, caudal segment of 
mature larva (lateral view); c, anal spiracles of puparium; d, respiratory slits of 2 further specimens; 
e, caudal segment of puparium (lateral view); f, spicular arrangement on welt 5; g, anal region of 
puparium. (Scales: 20.33 mm; b, e 0.61 mm;c, f,g0.20 mm) (a and b after Zimin, 1951, rest orig.). 


vivida as hemi-synanthropic. Gregor & Povolny (1960, 1961) found adults on faeces 
and carrion, whilst Zoebelein (1956) records them from honeydew. 

A major enemy of vivida is the larva of Polietes domitor and, as was pointed out by 
Hennig (1963), where the one is common, the other is rare. Thus, in Spain, vivida is 
very common but domitor is very rare (Peris & Llorente, 1963), whilst across the 
northern half of Europe the reverse is the case. 

Affinities. This species appears to be much more closely related to Eudasyphora 
cyanella than to either of the two following Pyrellia species, and this calls into 
question the validity of Eudasyphora as a distinct genus. P. vivida has been widely 
confused with cyanella or cyanicolor; indeed old British records of vivida refer to one 
or other of these common Eudasyphora species. 

Distribution. Palaearctic: Morocco across north Africa and through Israel and 
Mongolia to southern Kansu (China) northwards to northern France, Denmark 
(probably extinct: Michelsen, 1977), southern Finland, Kuibyshev district through 
Irkutsk (Soviet Union) to northern Japan. 


Pyrellia tasmaniae Macquart 
(figure 59 a—f) 


Ovum. According to Ferrar (1979a) the egg is of the typical muscine type and 
white in colour. Length 1.5 mm. 
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Figure 59. Pyrellia tasmaniae: a, cephalopharyngeal skeleton from puparium; b, mature larva; c, 
detail of spicules on ventral abdominal welt 4 of puparium; d, caudal segment of puparium (dorsal 
view); e, distal end of puparium (ventral view); f, anal spiracles of puparium; P. spinthera: g, 
cephalopharyngeal skeleton from puparium; h, caudal segment of puparium (lateral view); i, anal 
spiracles. (Scales: a, d, e 0.24 mm; b 1.20 mm; c, f, g, i 0.10 mm; h 0.40 mm) (Orig.). 


Larva. Instar |: in addition to the details mentioned by Ferrar his figure shows that 
it differs from other Australian Muscini in having a strongly bowed parastomal 
sclerite — approaching the stomoxyine type. Instar 2: Ferrar’s figure shows the mouth 
hook reduced; presumably only the anterior part is sclerotised. This also approaches 
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the stomoxyine type. Instar 3: Ferrar (1979a) distinguishes the mature larva of this 
species from other Australian Muscini by the serpentine rather than tortuous 
respiratory slits, in which respect it approaches the type found in the Stomoxyinae 
and some of the Mesembrinini. Anal region with postanal, subanal and small extra-anal 
papillae. Length up to 9mm (# = 13). 

Puparium. Pale yellowish-orange, slightly darker on prothorax and caudal segment, 
shiny and translucent, faintly longitudinally striate. Ventral abdominal welts distinct, 
comprising 2—3 transverse rows of large, pale, very obscure spicules; none visible (at 
x 87) on lateral or dorsal surfaces of thoracic or abdominal segments. Caudal segment 
with cuticular folding more conspicuous than elsewhere and rather angular. Anal plate 
tather small, not ascending beyond midway between anus and level of lower 
postspiracular edge; 4—5 prospiracular lobes. Anal spiracles posterodorsal, visible from 
above, black, separated by nearly the width of one, respiratory slits orange, serpentine 
or nearly so (2—3: 2—3: 2-3). 

Cephalopharyngeal skeleton lacking dorsal tooth on pve, ob absent and mh very 
slender (i.e. very like a stomoxyine). Length 4.0-5.12mm. An.sp. 0.10—0.12mm. 
Ceph.skel. (0.2: 0.1: 0.88)=1.18mm. Pupal horns 0.06mm. AB = 0.023—0.027 
(n= 5). 

Material studied. 13 final instar larvae, from adult from Tidbinbilla, A.C.T. 
(Australia); P. Ferrar, 5 empty puparia from laboratory culture (ANIC). 

Biology. Ferrar draws attention to several unusual features in the biology of this 
insect. The adults are sweatflies, and Ferrar states that although they now breed in the 
dung of cattle and horses the ancestral pabulum may be the dung of such forest 
animals as wombats. He also found that eggs may be laid singly or severally but that 
they are not deposited in an agglutinated mass as in Musca or Neomyia. 

Affinities. Ferrar compares the larvae of this fly with those of Stomoxys calcitrans, 
and indeed a strong resemblance between them is apparent in all the larval instars. The 
pharyngeal sclerite of the third instar larva very strongly resembles that found in the 
Stomoxyinae, except for the sclerotised optic lobe, whilst the reduced number of 
prospiracular lobes and somewhat small anal spiracles are also more typical of that sub- 
family than of the Muscinae. The structure of the cephalopharyngeal skeleton in the 
first and second instars also show stomoxyine features, whilst the adult predilection 
for mammalian perspiration is an uncommon feature in the Muscinae apart from Musca 
and Morellia. Hennig (1965) expresses much uncertainty about the relationship 
between the Muscinae and the Stomoxyinae and suggests that resemblances may be 
the result of convergence. Pyrellia tasmaniae combines so many characters of both 
groups that it is difficult to escape the conclusion that in phylogenetic terms it stands 
very close to the point of bifurcation of these two subfamilies. It is also relevant to 
note that many earlier writers suggested that the Stomoxyinae probably arose from a 
group having a predilection for mammalian perspiration. 

A strong case could be made for erecting a new genus for this species, which, 
according to Pont (1973a) has only one close relative, the Australian attonita Pont. 
These are distinguished from all other known Pyrellia in having a setulose prosternum 
and in lacking an anterodorsal mid-tibial bristle. 
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Distribution. An eastern Australian species ranging from St. Mary’s and Launceston 
(Tasmania) northwards to the Cairns district of north Queensland. P. attonita is known 
from Queensland. 


Pyrellia spinthera Bigot 
(figure 59 g—i) 


Puparium. Shining orange, translucent without discernible cuticular sculpture or 
transverse folding. Ventral abdominal ambulatory welts very conspicuous, with 
squamose spicules, arranged in about 2 to 3 transverse rows on each welt, the spicules 
themselves broad (up to ca. 0.2mm. wide). No discernible ones on preanal welt, nor 
anywhere on dorsal surface. Anal plate very small, clearly defined and protuberant but 
without adjacent spicules or distinct papillae; 6 prospiracular lobes. Anal spiracular 
respiratory slits very unusual, only slightly sinuate and arranged in almost parallel 
manner similar to some Mydaeinae (e.g. Dimorphia). 

Cephalopharyngeal skeleton with mh apparently symmetrical and without od. 
Length about 5.00mm. An.sp. 0.18mm. Ceph.skel. (0.27; 0.16; 0.88) = 1.30mm 
(n = 3). 

Material studied. 3 puparia, ‘Nyasaland’, in fowl manure, Dr W.A. Lamborn 
(BMNH). 

Affinities. The most unusual feature in this species is the highly aberrant arrange- 
ment of the anal spiracular slits and their sinuate form; in these respects spinthera is 
unlike any other muscine larva so far described. 

Distribution. Afrotropical; South Africa northwards to Cameroon, Zaire, Uganda 
and Tanzania (Pont, 1980). 


Genus Pyrellina Malloch 
Pyrellina rhodesi Malloch 


Ovum. Rather large, distinctly reticulated with dorsal strip very narrow medially. 
Length 2.0 mm. , 

Larva. Instar 3: pale yellow with anterior spine bands on some segments and 
perispiracular field slightly concave, its perimeter devoid of fleshy tubercles. Anal plate 
large; 5 prospiracular lobes. Anal spiracles serpentine. 

Cephalopharyngeal skeleton very like Pyrellia vivida and Eudasyphora cyanella but 
mh apparently relatively smaller than former and dorsal tooth on pve very small 
though distinct. Length 12-14 mm. 

Puparium. Length 7.0—7.5 mm (Cutherbertson, 1938). 

Biology. Cuthbertson (1938) found this fly only in the kloof-forests of eastern 
Zimbabwe around Umtali and Melsetter, breeding in the wet season in rotting 
Conopharygia johnstoni fruits. The fly oviposits in skin fissures at the base of the fruit 
in the decaying tissue and the eggs hatch in about 48 hours. The larvae devour the 
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rotting, softer parts of the fruit and after 7-10 days descend into the soil to pupariate. 
At 24°C the puparial stage lasts about 2 weeks. Other flies which breed in these fruits 
include Pardalaspis, Ptecticus, Rhyphus annulicornis and unspecified tipulids, the 
latter especially in very decayed fruits. 

Affinities. Emden (1939, 1942) asserts that this genus belongs close to Dichaetomyia 
in the Phaoniinae, but the larval mouthparts, as noted by Hennig (1952) clearly show 
that it is very closely related to Eudasyphora and Pyrellia in the Muscini. Snyder 
(1949a) believes that the neotropical Dasymorellia is also close to Pyrellina, wailst 
Hennig (1965) also includes the Madagascan Deltotus as a near-relative. The presence 
of a reduced ob suggests that this genus is one of the most primitive amongst the 
Muscini, along with Eudasyphora and some Pyrellia. Cuthbertson (1939) also records 
Pyrellina distincta (Walker) breeding in the same fruits. 

Distribution. Afrotropical: P. rhodesi is known from Zimbabwe, Zaire and 
Mozambique. 


Genus Eudasyphora Townsend 


Eudasyphora cyanella (Meigen) 
(figure 60 a—e) 


Ovum. Extremely like Neomyia cornicina in size, shape and colour but without 
raised hexagonal pattern on outer surface at posterior pole (Hinton, 1960). 

Larva, \nstar 3: head with oral grooves conspicuously extending onto dorsal 
surface. Ventral abdominal welts on segments 2-8 with 2—4 tranverse rows of large 
spicules of + uniform size. Pleural sclerites distinct. Anal plate not reaching level of 
lower spiracular edge and with small though discernible postanal, subana] and extra- 
anal papillae, the latter particularly weak. Postanal region broadly spiculate. Length up 
to 13mm. 

Puparium. Similar to Neomyia cornicina but integument thicker, duller and more 
opaque (darker according to Thomson, 1937). Pleural sclerites at most obscure but 
segmental boundaries clearly marked by denser transverse striations and cuticular 
knots. Ventral abdominal welts conspicuous, with:2 4 rows of large spicules. Caudal 
segment very coarsely striate basally and posteroventrally and reticulate dorsally; 7-9 
prospiracular lobes. Anal spiracles at most very slightly exerted, very narrowly 
separated; slits tortuous (5; 4; 4). 

Cephalopharyngeal skeleton very like Neomyia cornicina. Length 6--7 mm. An.sp. 
0.25 mm. Ceph.skel. (0.30; 0.16; 1.04) = 1.5mm. AB = 0.036—0.042 (7 = 2). 

Material studied. 1¢ with puparium, Middlewood, Cheshire (England), coll. 25.v, 
em. 22.vi.64, ex larva in cowdung; 1d with puparium, Glen Tanar, Aberdeenshire 
(Scotland), viii.70, ex larva in sheep dung, P. Skidmore (MAGD). 

Biology. Laurence (1955) found that about half of the overwintered females 
examined in early spring before their activity had commenced, had the ovaries 
developed. 
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Figure 60. Fudasyphora cyanella: a, cephalopharyngeal skeleton of mature larva; b, mature larva 
(lateral view); c, head of mature larva (lateral view); d. puparium (ventral view); e, caudal segment 
of puparium (posterior view), E. zimini: f, detail of spiculation of ventral abdominal welt on 
segment 5 of puparium; g, anal spiracles of puparium; h, anal plate of puparium. (Scales: a andc 
0.30 mm; b 1.0mm d 0.78 mm; e 0.25 mm; f and g 0.24 mm; h 0.61 mm) (Orig.). 
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The eggs are laid in precisely the same manner as those of Neomyia cornicina, and I 
have seen the flies ovipositing in fresh cow dung before midday in hot sunny weather. 
Each cavity excavated in the dung typically contains 25—30 eggs which hatch in about 
a day and the larvae feed solely on the dung. In southern Scotland the larval stage lasts 
about a month in summer and the puparial stage 2—4 weeks. There are only 2 main 
broods of larvae annually, one in May—June from overwintered adults, the other in 
late July-August from their progeny, but a partial autumnal brood may also occur 
since I have found puparia in late winter. These give rise to brilliant, evidently teneral 
adults in springtime which appear rather later than the dull overwintered ones which 
abound on Salix and Tussilago flowers on the first warm days. 

Whilst cow dung is the only known larval pabulum, other media (sheep, horse and 
perhaps human dung) are suggested and two puparia in the British Museum (Nat. Hist.) 
collection were found in decaying vegetation at Selsdon, Surrey (England) in July 
1941 by R.L. Coe. 

Amongst the many enemies of cyanella larvae are the larvae of Myospila and Mydaea. 

Affinities. Cuny (1980) provides a detailed revision of the genus and discusses the 
phylogeny. He considers that Pyrellia is the sister group and that Eudasyphora consists 
of 2 subgenera (Fudasyphora s.str. and Rypellia Malloch); the separation of Pyrellia 
and Eudasyphora occurred before the Pleistocene glaciations and Rypellia developed 
in the oriental region whilst Audasyphora developed in the Holarctic. He correlates 
speciation in both subgenera with the history of forest formation. As stated earlier 
however Pvrellia is a very unsatisfactory genus, comprising several very different forms. 

According to Cuny (1980) cyanella and zimini are sister species, replaced in the 
Nearctic by cordillerana Cuny. The parent species of the latter is assumed to have died 
out in the Nearctic, possibly through unsuccessful competition with ancestor of 
cyanicolor. 

Distribution. Palaearctic: apparently the southwestern counterpart of zimini, 
ranging from Spain to Shetland, Denmark and eastwards across southern Europe to 
Iran. Michelsen (1977) suggests that cyanella is a recent coloniser in Denmark, 
extending northwards into the range of zimini. 


Eudasyphora zimini (Hennig) 
(figure 60 f—h) 


Puparium. Perhaps indistinguishable from cyanella, the single example seen possibly 
being atypical. Broader and paler than cyanella, shining translucent orange and very 
finely transverse striate. No discernible spicular bands on thoracic or abdominal 
segments but latter with distinct ventral welts on segments 2—7 comprising 2—3 rows 
of large spicules (1—2 on segment 1); pre-anal welt with 4 similar rows and postanal 
region spiculate. Anal plate ascending halfway up to level of middle of anal spiracle 
(more transverse than in cyanella); 7 prospiracular lobes and anal spiracles as in 
cyanella. 

Cephalopharyngeal skeleton as in cyanella. Length 6.36 mm. An.sp. 0.24mm. AB = 
0.038 (n = 1). 
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Figure 61. Eudasyphora cyanicolor: a, cephalopharyngeal skeleton from puparium; b, puparium in 
dorsal (left) and ventral view (right); c, caudal segment of puparium (posterior view); d, anal 
spiracles of puparium. (Scales: a, d 0.10 mm; b, c 0.50 mm) (Orig.). 


Material studied. 1? with puparium, ‘Wald h. Kreblin, German’, Patton coll. (McM). 

Biology. Unknown but presumably very like evanella, although the distribution 
suggests a greater tolerance to more extreme continental climates. 

Distribution. Palaearctic: little known but clearly a more northern and eastern 
species than cyanella, ranging from Tromso (Norway) to Croatia and the Caucasus. 


Eudasyphora cyanicolor (Zetterstedt) 
(figure 61) 


Ovum. Indistinguishable from cyanella (Hinton, 1960). 

Puparium. The single example studied differs strikingly from the cyenella examined 
being broader, smoother and glossier; anal plate similar in size but more distinct since 
caudal segment almost smooth save in the finely striate perispiracular area. Postanal 
region spiculate and para-anal papillae present; 9-10 prospiracular lobes. Anal spiracles 
equally widely spaced as in evanella but more strongly exerted. 

Cephalopharyngeal skeleton as in cyanella. Length 6.5mm. An.sp. 0.22—0.25 mm. 
Ceph.skel. (0.36; 0.17; 0.95) = 1.48 mm. AB = 0.038 (n = 1). 
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Figure 62. Dasyphora gussakovskii: a, cephalopharyngeal skeleton from puparium; b, detail of 
spiculation on ventral abdominal welts of segments 1 and 2 of puparium; c, anal spiracles of 
puparium: d, prospiracular process of puparium; D. himalayensis: e, cephalopharyngeal skeleton 
from puparium; f, detail of spiculation on ventral abdominal welts of segments 1, 2 and 3 of 
puparium; g, anal spiracles of puparium; D. pratorum: h, anal spiracles of mature larva (after 
Seguy); D. albofasciata: i, anal spiracles of mature larva (after Peris & Llorente) (Scales: a, b, d, e, 
g, h andi0.10mm;c 0.20 mm; f 0.5 mm) (figures a—g orig.). 


Material studied. 19 with puparium, Coedydd Maentwrog, Gwynedd (Wales), coll. 
as larva, 29.vii, pup. 2.viii, em. 15.viii.66, ex sheep dung, P. Skidmore (MAGD). 

Biology. The adult female emerged on the morning of August 15, 1966 and took 8 
hours to attain the typical metallic blue colouration. 

A stercoricolous species like other Eudasyphora despite the assertions of Schiner 
(1862—64) that it breeds in carrion. Adults certainly visit carrion (Gregor & Povolny, 
1960, 1961) but prefer faeces. I have seen gravid females on human faeces but cannot 
verify oviposition therein. Tiensuu (1936) records adults also at honeydew and they 
visit various flowers. Holmquist (1928) records hibernation in adults and Kramer 
(1917) found them in spring at Salix catkins. 
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Affinities. According to Cuny (1980) the type form of cyanicolor is a Palaearctic 
subspecies replaced in the Nearctic by setosa Loew and in India by kKempi Emden. The 
Nearctic sister species is canadiana Cuny. 

Distribution. Holarctic: in Eurasia from Pyrenees eastwards through the Alps, 
Istrian Alps, Balkans, Kazakhstan, Altai, Chekiang and Korea to Japan (Draber-Monko, 
1966b; Pont, 1977a) northwards to north Scotland, northernmost Scandinavia and the 
shores of the Arctic Sea, through Transbaikal to Kamchatka. In North America from 
California and Georgia to Fairbanks (Alaska) and Reindeer Depot (N.W.T.) (Huckett, 
1965a). 


Genus Dasyphora Robineau-Desvoidy 
(figure 62) 


Ova, Undescribed; viviparous species in which ovaries asymmetrical, each with 1 
ovariole. 

Larvae. Instar 3: 12-14 prospiracular lobes. Anal spiracles larger than in 
Eudasyphora. 

Cephalopharyngeal skeleton without of, Length up to 14mm. 

Puparia. Perhaps always distinguishable from Musca by large number of prospira- 
cular lobes, small anal plate and normal reddish colouration. (NB. In those Musca 
species with large number of prospiracular lobes anal plate massive and colouration 
pale grey or whitish.) Length about 7mm. An.sp. 0.35—0.44 mm. Ceph.skel. 2.20— 
2.40 mm. AB = 0,045 --0.063. 

Biology. Bucoprophilous species depositing third instar larvae. Sychevskaya (1967) 
found that adults of some Dasyphora species (including asiatica and gussakovskii) are 
facultative haematophages. 

Affinities. The species included here are all very alike in structure and habits and 
may not be particularly closely related to Eudasyphora; indeed their affinities may lie 
more with Musca. About 11 species are known. 

Distribution. Palacarctic. 


Dasyphora albofasciata (Macquart) 
(figure 62 i) 


Larva. Peris & Liorente (1963) figure the anal spiracles of the mature larva, whilst 
Séguy (1923) figures the cephalopharyngeal skeleton. 

Biology. Séguy’s figure was drawn from a larva dissected from the parental oviduct, 
showing that it is indeed the final instar which is deposited. Development is said to be 
very rapid following deposition of larva in excrement by parent. Pabulum not stated 
precisely but adults taken on human faeces by Gregor & Povolny (1960) and 
Kirchberg (1961). 

Distribution. Palaearctic; Canaries to Paris district (France), Switzerland, Hungary, 
and eastwards to Iraq, Crimean peninsula and the Caucasus. 
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Dasyphora asiatica Zimin 


Larva. Instar 3: very like certain Musca species but distinguished by following com- 
bined features: anal plate ascending about halfway to level of lower anal spiracular 
edge, anal and subanal pupillae well developed but extra-anals very weak and about 
level with lower spiracular margin. Spicules of anal region restricted to a few minute 
ones between the subanal papillae. Perispiracular region with at most the two lower 
elevations visible, but these very weak; 14 prospiracular lobes. See also Zimin (1948). 
Length 11-13 mm. 

Biology. Apparently a typical member of the cow dung community, which less 
often breeds in pig manure (Zimin). Larvae only occur in small numbers, never in 
masses (Weinstein & Rodova, in Hennig, 1963), and mainly in spring and autumn. 

Affinities. According to Hennig this is probably the central Asian counterpart of 
albofasciata. 

Distribution. Palaearctic: Turkmenia, Uzbekistan and Khirgisia east to Mongolia 
and central China. 


Dasyphora pratorum (Meigen) 
(figure 62 h) 


Ovum. Similar in shape to Musca larvipara (Portchinsky, 1910). Length 2.5 mm. 

Larva. All three larval instars cursorily described by Portchinsky but no details 
given to distinguish this species from albofasciata, Instar 3: 12—13 prospiracular lobes. 
Anal spiracles rather weakly tortuous (4:4:4), separated by about 4 width of one. 

Biology. A pasture symbovine (Greenberg, 1971) which deposits larvae in cowpats 
where they soon reach maturity and pupariate in the soil beneath, the adults emerging 
about a fortnight later. Gregor & Povolny (1959, 1960, 1961) record adults from 
faeces, carrion and horse manure. According to Rubio (1978) puparia overwinter in 
Salamanca (Spain) and larvae are found from April to September. Under optimum 
conditions adults emerge 15 days after being deposited as larvae (Séguy, 1923). 

Affinities. Under the name agilis Robineau-Desvoidy, this species is the type-species 
of Dasyphora. 

Distribution. Palaearctic; northern Spain to Israel northwards to northern France, 
through central Germany and Czechoslovakia to Transcaucasia, and replaced in 
Turkmenia by meridionalis Zimin. 


Dasyphora gussakovskii Zimin 
(figure 62 a—d) 


Puparium. Light-reddish, transversely wrinkled throughout. Ventral abdominal 
welts 2—7 distinct, each comprising about 2 irregular rows of larger spicules followed 
by 1-2 rows of smaller ones. Pre-anal welt with about 6—8 rows of large ones. 
Spicular regions of each segment not ascending above level of lower anal spiracular 
edge so dorsal and lateral surfaces almost devoid of spicules. Anal plate strongly 
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corrugate and ascending midway to level of lower spiracular edge; subanals conspicuous 
and extra-anals less so, but without spicules; 12—16 prospiracular lobes. Anal spiracles 
narrowly separated, slits tortuous (5:4:5). Length 7.37—7.70 mm. An.sp. 0.35 mm. 
Ceph.skel. (0.50; 0.22; 1.60—1.70) = 2.30—2.40 mm. AB = 0.045—0.047 (a = 2). 

Material studied. 1d 1° with puparia, Murree, Rawalpindi (Pakistan), 6.x.71, ex 
maggots in cow dung, C.I.B.C (BMNH). 

Affinities. Evidently onc of the central Asian counterparts of pratorum. 

Distribution. East Palaearctic: Gissar Mts (Tadzhikistan), Mongolia (Draber-Moriko, 
1966b) and the Himalayas including northern Pakistan (Pont, 1977c). 


Dasyphora himalayensis Pont 
(figure 62, e~g) 


Puparium. The single specimen seen closely resembles gussakovskii but has larger, 
coalescent anal spiracles with rather more tortuous slits, larger, more distinct spicules 
on the ventral welts and a more slender cephalopharyngeal skeleton (PS = 34 as 
against 38 in gussakovskii) in which the ph is less acuminate anteriorly. Length 
700mm. An.sp. 0.44mm. Ceph.skel. (0.52; 0.22; 1.52)=2.20mm. AB = 0.063 
(n = 1). 

Material studied. 1¢ with puparium, Murree, Rawalpindi (Pakistan), 6.x.71, ex 
maggot in cow dung, C.1.B.C. (BMNH). 

Distribution. N.W. Oriental: West Bengal (India), through Nepal to north Pakistan 
(Pont, 1977c). 


Genus Neomyia Walker (Orthellia Robineau-Desvoidy) 
(figure 63-66) 


Ova, Described and figured for cornicina by Hinton (1960) and probably similar in 
all species. Length |.6—2.5 mm. 

Larvae. Instar 1: cephalopharyngeal skeleton very like Musca. Instar 2: cephalo- 
pharyngeal skeleton very like Musca but in australis ans and mh fused. Instar 3: 
segments without complete spicular bands (except in timorensis which has strongly 
darkened ones on thoracic and abdominal segments 1 and 2) and ventral abdominal 
welts with small number of transverse rows of large spicules (concolorous except in 
timorensis). Anal plate large, ascending to level of lower spiracular edge or nearly so, 
with usually distinct anal, postanal, subanal and extra-anal papillae, (latter absent in 
laevifrons, cornicina and australis); 4—9 prospiracular lobes. Anal spiracles large with 
broad peritreme, slits moderately to strongly tortuous. 

Cephalopharyngeal skeleton similar to Eudasyphora, in general form and possession 
(in most species) of an ob. Ol always present and pyc always with a distinct, though 
sometimes obtuse, dorsal tooth. Length up to 19mm. 

Puparia. Of undistinguished form. Length 4.3—-8.4mm. An.sp. -0.18—0.45 mm. 
Ceph.skel. 1.32—2.00 mm. AB = 0.036—0.064. 
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Biology. As far as known all species breed mainly or exclusively in bovine dung and 
the eggs are laid in cavities just below the surface, several females laying into the same 
cavity. The larvae are apparently entirely coprophagous and are very vulnerable to 
attack by other muscid larvae. Several species assume a blue colour shortly before they 
pupariate. None of the known species has been recorded as a sweatfly or blood-feeder. 
Snyder (1951) records limbata (Ville.), distinctipennis Snyder and nudissima (Loew) 
on human faeces, the first two in dense forests. 

Affinities. Neomyia appears to be very closely related to Eudasyphora and Pyrellia 
vivida on the one hand and to Musca on the other. In Neomyia adults the prosternum 
and suprasquamal ridge are setulose. 

The most aberrant species examined, in details of larval morphology, are timorensis 
and australis, and these could be removed to distinct genera. 

Distribution. Mainly Palaeotropical, with 5 species extending into the Palacarctic 
and one (cornicina) introduced widely into the New World. 


Neomyia cornicina (Fabricius) (caesarion (Meigen)) 
(figure 63 a—e) 


Ovum. Outer meshwork layer slightly thicker than inner except between hatching 
pleats where it is much thinner. At posterior pole, covered by a cement cap, is a region 
of wide canals in outer meshwork layer, and a similar cap covers micropilar end. 
Length 1.9—2.2 mm (Hinton, 1960) (7 = 8). 

Larva, Instar 1 and 2 figured by Houser & Wingo (1967) and Schumann (1963). 
Instar 3: extremely similar to viridescens but anal plate barely reaching level of lower 
anal spiracular edge, Extra-anal papilla distinct. Lateral] muscle attachments marked 
with numerous dark dots (Shinonaga & Kano, 1973). Length up to 13 mm. 

Puparium, Rather matt to slightly shining, microreticulate rugose and distinctly but 
finely transverse striate. Ventral abdominal welts conspicuous and anal plate ascending 
to about level of middie of anal spiracle; 6—8 prospiracular lobes. Anal spiracles very 
large, almost coalescent, slits moderately tortuous (4—5:4:4—5). See also Thomson 
(1937) and Zimin (1951). Length 4.3-5.2 mm. An.sp. 0.25—0.30mm. Ceph.skel. 
(0.31; 0.13; 0.90)—(0.35; 0.14; 1.0) = 1.34-1.49 mm. AB = 0.058 (n = 38). 

Material studied. 1d with puparium Amesbury, Wiltshire, coll. vili. em. ix. 66; 32 
puparia Bentley Common, South Yorkshire (England), collected on various dates from 
23 vi.—8.ix.76; 8 ova same locality, 1976: 5 puparia, coll. as larvac, 10.viii, em. 20.viii. 
75, Coed Hafod, Clwyd (Wales), P. Skidmore (MAGD). All collected from ‘cow dung. 

Biology. This ‘pasture symbovine’ (Greenberg, 1971) has been studied in detail by 
several authors. Hammer (1941) found that whilst some females laid in cow dung 1—2 
minutes old the optimum age was around one hour; exceptionally, dung 1—2 days old 
was utilised. The fly pushes her ovipositor a millimetre or so below the surface and 
with an oscillating movement creates a small air cavity, on the floor of which she lays 
the first cgg; subsequent ones are laid around it, during which process the tip of the 
ovipositor is repeatedly pressed against the cavity walls to enlarge its volume. Cavities 
typically contain 30—50 eggs but up to 150 are not unusual since several females may 
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use the same cavity. If disturbed during laying a fly does not return to complete the 
work. In fresh dung the cavities are excavated along the crests but as dessication 
proceeds the depressions are increasingly favoured, Houser & Wingo found that the 
main period of oviposition coincided with the initial formation of a slight crust, but as 
this thickens and hardens the ovipositor is less able to penetrate. Hinton found that 
the egg could stand high hydrostatic pressures both within the cavity and when, as 
invariably happens, these are destroyed by other insects working the dung. He 
describes the physical conditions and microclimate within the cavity but sheds no light 
on possible function, in view of the fact that survival appears to be unrelated to des- 
truction of the structure. 

Eggs hatch in 11—24 hours and Hammer found that in Denmark the life cycle takes 
23--35 days (at 16—21°C) and he records 4 generations annually. In southern Scotland 
Thomson gives 6—8 weeks for the life cycle. Rubio (1978) found eggs and larvae in 
Salamanca (Spain) from March to November, puparia during every month of the year 
and adults from February to October. Houser & Wingo give a period of 17.5—21.5 
days for the entire life cycle under laboratory conditions at 32°C and 50—55% RH for 
eggs and larvae and 22°C for puparia. 

The larvae have many enemies, being very prone to attack by predaceous muscid 
larvae. Recorded hymenopterous parasites include Cratospila fuscipennis Girault, 
Aphaereta pallipes Say, Xyalophora quinquelineata Say and a Eucoila species 
(Blickle, 1961). 

In autumn cornicina adults often congregate on old walls, in caverns or mountain 
screes. Thus in early September, 1965 few were seen in the valleys around Snowdon 
(north Wales), but on one of its several peaks Lliwedd, they were in great abundance 
on screes at about 2500 ft and it was probable they were gathering to hibernate on the 
boulder field. Congregations have been found in mid-winter amongst loose stones in 
such places or at lower altitudes in old walls etc. Whilst most overwintering specimens 
are females a small percentage of males also hibernate (see specimens taken in 
hibernation which are in the coll. Brit. Mus. (Nat. Hist.)). 

Like many anthophilous flics cornicina is strongly attracted to yellow flowers of 
Salix, Tussilago, Taraxacum, Senecio and Foeniculum but Hammer noted them also on 
Bellis, Erodium and Chrysanthemum in spring and summer and Heracleum and 
Cotoneaster in summer, whilst Hedera appears particularly attractive in early autumn 
before the flies enter hibernation, Adults also feed at dung of numerous animals 
including man, and the gut invariably contains at least traces of cow dung, their only 
known larval pabulum. 

Affinities. Michelsen (1979) shows that the species long known as caesarion 
(Meigen) and more recently as viridis (Wicdemann), must now be referred to as 
cornicina (F.). The species long known as cornicina now has to be called viridescens 
(Robineau-Desvoidy). 

Distribution. Holarctic and Neotropical: the commonest Palaearctic Orthellia, 
ranging from Madeira and Canary Islands across north Africa, Israel, Afghanistan and 
China to Japan, northwards to Shetland, Lapland, Kola peninsula, Berezov on Ob, 
Irkutsk and Yakutsk (Soviet Union). In the New World from Matto Grosso (Brazil) 
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Figure 63. Neomyia cornicina: a, cephalopharyngeal skeleton from puparium; b, puparium (ventral 
view); c, puparium (posterior view); d, detail of spicules on ventral abdominal welt 5 of puparium; 
e, anal spiracles of puparium; N. lauta: f, cephalopharyngcal skcleton from puparium; g, caudal 
segment of puparium (lateral view); h, anal spiracles of puparium; i, caudal segment of puparium 
(posterior view). (Scales: a, h 0.10mm; b, c 0.78mm; d, i 0.20mm; e 0.15 mm; f 0.24mm; g 
0.60 mm) (Orig.). 
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north to Fort Simpson ca. 62°5'N in N.W.T. (Canada), and in Hawaii (introduced into 
New World). 


Neomyia viridescens (Robineau-Desvoidy) (cornicina of authors) 


Larva. Instar 3: according to Zimin (1951) the mature larva is distinguished from 
cornicina by the larger anal plate, which here ascends above the level of the anal 
spiracles; these separated by about one eighth to one sixth the width of one; 7 
prospiracular lobes. According to Zimin the length of the mature larva is 7—8 mm; 
clearly this is incorrect as the adult is fractionally larger on average than cornicina. The 
length of the mature larva is presumably up to about 14mm. 

Puparium. Probably only distinguishable from cornicina by the larger anal plate. 
Length 6—7 mm. 

Biology. In all respects extremely similar to cornicina but the much more restricted 
distribution suggests that it cannot tolerate such wide climatic extremes as that species. 
Thomson’s (1937) study of cornicina actually refers to the truc cornicina and not to 
this species (which was then known as cornicina), since the present species is not 
known to occur in Scotland (Assis Fonseca, 1968). The limited data available for 
viridescens in Britain suggests that it has at most three gencrations annually, the adults 
appearing about the same time as cornicina. Petrova & Soboleva (1973) found 340 
larvae in cow and horse manure. 

Affinities. Closely related to cornicina and known under that name until very 
recently, this species is nevertheless clearly distinct from the true cornicina (see 
Michelsen, 1977, 1979). 

Distribution. Palaearctic: from Spain, where it is very rare (Peris & Llorente, 1963) 
through southern Europe, eastwards through the Caucasus, Altai and Ulan Bator 
(Mongolia) to Maritime province and Sikhote-alin (Sovict Union) (Petrova & Soboleva, 
Lc.), northwards to Durham (N. England), but rarely north of the English midlands 
(Assis Fonseca, 1968), Denmark, where it is much scarcer than cornicina (Michelsen, 
1977), southern Norway (Rognes, 1982) central Minland, northern Kazakhstan, 
Irkutsk and Jakowlevka (Draber-Monko, 1977). 


Neomyia lauta (Wiedemann) 
(figure 63 f—i) 


Ovum. Length 1.7—1.9 mm. 

Larva. Instar 1: oral cavity bordered on cach side by row of teeth. Ventral 
abdominal welts on segments 1--8 with dark spicules arranged in 1 transverse row on 
segment 1, 2 and 3, 2-3 on 4—7, 1 on 8. Anal plate convex, lacking obvious peripheral 
papillae. Cephalopharyngeal skeleton as in cornicina. Length |.9—3.7mm. Instar 2: 
ventral welts without dark spicules. Anal plate with conspicuous anal and subanal 
papillae; About 6 prospiracular lobes. Anal spiracular slits slightly sinuate as in 
cornicina. Cephalopharyngeal skeleton as in cornicina. Length 3.5—6.2 mm. Instar 3: 
ventral welts with spicules entirely pale but arranged as in instar 1. Anal plate convex 
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with well-developed anal, postanal, subanal and extra-anal papillae. About 6 
prospiracular lobes. Anal spiracles black with tortuous yellow slits (4-10: 6—8: 4—8) 
arranged similarly to cornicina and much less deeply tortuous than in indica, (after 
Ferrar, 1979a). 

Cephalopharyngeal skeleton very similar to cornicina but 06 relatively smaller and 
dorsal tooth on pve less acute. (NB. This last detail probably varies since examples 
studied in the present work were identical in this feature to the figure of pacifica in 
Shinonaga & Kano (1973) rather than to their figure of Jauta in which the tooth is 
more obtuse.) Length up to 11.2 mm (Ferrar). 

Puparium. Similar to cornicina but anal plate relatively smaller and anal spiracular 
slits more tortuous (see above). Thoracic segments without discernable spicules 
(at x 100). Abdominal segments 2—7 with about 3—4 transverse rows of uniformally 
weak, partly papery spicules which do not ascend beyond lower corners of pleural 
sclerites. Anal plate usually bordered behind by row of pale tubercles. 6—7 
prospiracular lobes. Anal spiracles sometimes contiguous. Length 5.45—7.52 mm. An. 
sp. 0.29-0.3 mm. Ceph. skel. (0.25; 0.12; 0.71)—(0.26; 0.12; 0.73) = 1.02—1.05 mm. 
AB = 0.048—0.053 (4 = 15). 

Material studied. 2d, 19 with puparia, Suduranga (Sri Lanka), 7.viii.21, bred from 
cow dung, R. Senior White; 1d with puparium, Coonoor, Tamil Nadu (India), from 
human faeces; 26, 19 with 8 puparia, Townsville, Queensland, 13.v.68; | puparium, 
Burnside, northern Australia, 29.iv.29, from fresh cow dung in cow yard, T.G. 
Campbell; 19 with puparium, Seramban, Negri Sembilan (Malaysia), coll. 20.xi,em. 
2.xii.23, in buffalo dung, H.M. Pendlebury (BMNEI); 1° with puparium, Patton coll. 
(McM). 

Biology. Pont (1973a) surveys the recorded biology of this fly noting that in May 
and June in North Queensland the puparial stage lasts 18 days and that adults have 
been taken at light traps, implying nocturnal or crepuscular activity. The species 
belongs to the bovine dung community but it has been reared on horse dung in the 
laboratory. Further biological details are given by Ferrar (1979a). 

Affinities. According to Pont the closest relatives of Jauta are the Oriental species 
claripennis Malloch, gavisa (Walker), diffidens (Walker) and ruficornis Shinonaga. 

The anal spiracles figured by Shinonaga & Kano differ considerably from those of 
lauta figured by Ferrar and examined by me. Their figure of auta is extremely similar 
to their indica in the configuration of the respiratory slits, whilst the /auta examined 
by Ferrar and myself much more closcly resemble their figure of /aevifrons. Whilst 
the slits in all species seen so far exhibit some intraspecific variation, both Ferrar and 
I feel that they should not vary so much and conclude that the lauta figured by 
Shinonaga & Kano is probably not conspecific with specimens of lauta examined by us 
from Australia, Malaysia and Sri Lanka. 

Distribution. Oriental- Australasian: Iran eastwards through Nepal and China to 
Japan, and southwards to New South Wales (Australia). 


Neomyia laevifrons (Locw) (pacifica (Zimin)) 


Larva. Instar 3: according to Shinonaga & Kano (1973) the main diagnostic features 
of the mature larva of this specics are as follows: thoracic and abdominal segments 
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without complete anterior spine bands but ventral abdominal welts conspicuous on 
segments 2—8 and a lateral row of tubercles on each segment. Caudal segment without 
normal 3 dorsal grooves, anal papillae barely protuberant, postanals and subanals 
conical, extra-anals absent, and with row of small spicules ascending parallel to hind- 
margin of anal plate; 6—8 prospiracular lobes. Anal spiracles (according to figure) 
extremely like cornicina in configuration of slits (7-8: 5—6; 4-5) but these much 
narrower in relation to the very broad peritreme. 

Cephalopharyngeal skeleton very like cornicina but ms somewhat more clongate 
basally, dorsal prominence on As mote elevated, pde rather shorter than pve and latter 
with more obtuse tooth dorsally. Length up to 15mm. An.sp. 0.35 mm. Ceph.skel. 
(0.42; 0.22; 1.10) = 1.55 mm (estimated from figures by Shinonaga & Kano). 

Biology. Reared on fresh cow dung (Shinonaga & Kano). Petrova & Soboleva 
(1973) found 72 larvae in cow dung. 

Affinities. The figure of the anal spiracles given by Shinonaga & Kano is very like 
specimens of lauta cxamined by Ferrar and myself, whilst the figure of these organs in 
lauta given by Shinonaga & Kano are quite different. The larva of laevifrons however 
differs from /auta in lacking extra-anal papillae and dorsal grooves on the caudal 
segment amongst other details. 

Distribution. East Palaearctic: Japan to Manchuria and Sikhote-alin. 


Neomyia splendida (Adams) 
(figure 64 a—f) 


Larva. Instar 3: similar to albigena but with only 6 prospiracular lobes, more 
tortuous anal spiracular slits (10: 7: 11) and cephalopharyngeal skeleton with distinct 
ob with is elongate clavate, internally crenulate. Length up to 16mm. An.sp. 0.36 mm. 
Ceph.skel. 1.9 mm. (Munro, 1925). 

Puparium, Orange-red, almost matt, very closely transverse striate, more rugose on 
caudal segment where are coarse perispiracular folds. Ventral abdominal welts on 
segments 2—7 very narrow, with at most 2 close-set rows of large spicules, not 
ascending above lower corner of pleural sclerites, so dorsal surface of abdomen, like 
the thoracic segments, without visible spicules (at x 100). Anal plate surpassing level 
of upper spiracular edge and bounded behind by small spicules ventrally. Anal 
spiracular slits strongly tortuous (LO—12: 10—12: 10—12), narrowly yellow against 
otherwise black spiracular plate. (NB. In Lamborn’s specimen from Namwera the anal 
plate is much smaller, not reaching level of lower spiracular edge and is bounded along 
entire posterior and upper margins by distinct tubercles, the anal spiracular slits are 
more tortuous, the spiracles themselves are much larger (0.5 mm.) but the puparium 
within the normal size range (ca. 7.0 mm).) 

Cephalopharyngeal skeleton with distinct ob and nearly symmetrical mh. Length 
6.00—7.42 mm (Munro gives 7.0m). An.sp. 0.36 mm. Ceph.skel. (0.31; 0.13; 0.98) = 
1.41 mm (1.9 according to Munro). AB = 0.048—0.060 (7 = 5). 

Material studied. 1d with puparium, Namwera (Malawi), 18.i1.32, from cattle dung, 
W.A. Lamborn; 1¢ with puparium, Entebbe (Uganda), x.36, in cattle dung, E.G. 
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Figure 64. Neomyia splendida: a, cephalopharyngeal skeleton from puparium; b, caudal segment of 
puparium (posterior view); c, same (lateral view); d, anal spiracles of puparium,; e and f, lateral 
view of caudal segment and anal spiracles of another puparium from Namwera ‘Fast Africa’ 
(BMNH); N. viridifrons: g, anal spiracles of puparium; N. indica: h, anal spiracles of puparium. 
(Scales: a, d0.24 mm; b, c, € 0.61 mm; f, g, h 0.10 mm) (Orig.) (NB. a, b, c and d are from examples 
in Patton coll. (McM), whilst f and g are in coll. BMNH.) 
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Gibbins (BMNH); 26, 1° with puparia, Kampala (Uganda), 9.ix.32, E.G. Gibbins, 
Patton Coll. (McM). 

Biology. Munro records adults sheltering on tree-trunks in numbers. The larvae 
live in fresh cow dung and just before pupariation they become mottled with a bluc 
pigment around the middle of each segment. Pupariation occurs in the soil and the 
adults emerge 12 days later. 

Affinities. According to Snyder (1951) splendida belongs to a species group 
including 3 other African species, scatophaga Malloch, latifrons Malloch and macrops 
Curran, characterised by a bare discal cell and greatly enlarged male frontal facets. It is 
possible that 2 species are confused under the above description (compare figure 64 
c—f). 

Distribution. Afrotropical: South Africa to Nigeria, Zaire, Rwanda and Uganda 
(Pont, 1980). 


Neomyia indica (Robineau-Desvoidy) 
(figure 64h) 


Larva. Instar 3: the mature larva is figured and described by Shinonaga & Kano 
(1973), and according to these authors it is distinguished from other Japanese 
Neomyia by the absence of dorsal spicular bands on abdominal segments 1 and 2, 
together with the distinct extra-anal papillae and the postanal spicules not ascending to 
the level of these papillae; 5-6 prospiracular lobes. Anal spiracles with very tortuous 
respiratory slits (9:8:8- 10). Anal, subanal postanal and extra-anal papillae very small. 

Cephalopharyngeal skeleton as figured by Shinonaga & Kano appears to differ 
from that of cornicina (i.c. viridis in their paper) in a few minor, and probably not 
constant, features, namely the larger o/ (i.e. their ‘parastomal sclerite’); the more 
produced anteroventral cornu, more rudimentary ob and the more obtuse dorsal 
tooth on the pve. Length up to 14mm. An.sp. 0.34 mm (estimated from figures). 

Puparium. TDark-red, closely transversely folded, non-spiculate dorsally or laterally. 
Ventral abdominal welts on segments 3—8 with 2—4 (mostly 3) rows of large spicules. 
Anal plate narrow, ascending to level of lower spiracular edge. Anal spiracular slits 
much more deeply tortuous than in /auta or cornicina (12—15:7—9:11). Length 7.0— 
7.8mm. An.sp. 0.45 mm. AB = 0.058—0.064 (n = 2). 

Material studied. 19 with puparium, Kuala Lumpur (Malaysia), x.07, bred from 
dung; 19, Pusa (India), | 2.xi.10 (BMNH). 

Biology. Reared from cow dung (Shinonaga & Kano). 

Affinities. The anal spiracles of the specimens I studied had a virtually identical 
configuration of the slits to Shinonaga & Kano’s figures for dauta and indica, but they 
were much more deeply tortuous than examples of lauta examined either by Ferrar or 
myself. 

Distribution. Oriental: India to Japan, Philippines and Lombok. 


Neompia coeruleifrons (Macquart) 


Larva, Instar 3: thoracic and abdominal segments without complete anterior 
spicular bands but ventral abdominal welts 2--8 well developed. Entire body surface 
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with numerous longitudinal lines of tiny chitinous dots, similar to, but much more ex- 
tensive than, those adorning cornicina. Dorsal surface of caudal segment with usual 3 
grooves. Anal region with distinct though rather small and weak extra-anals, subanals and 
postanal, and with continuous row of spicules along entire hind-margin of anal plate. 
Anal plate not quite reaching level of lower spiracular edge and with unusual sinuation 
between bases of extra-anal and subanal papillae; 5—6 prospiracular lobes. Anal spiracles 
very large, very closely approximate, with highly tortuous slits (ca. 16; 12; 11). 

Cephalopharyngeal skeleton similar to cornicina but with pde and pve more nearly 
symmetrical and dorsal tooth on pvc more obtuse. Also the ph is more distinctly 
narrowed anteriorly. Length up to 19 mm (after Shinonaga & Kano, 1973). 

Puparium. The most distinctive feature is the sinuate hind-margin of the anal plate 
referred to above. Length 8.10—8.40 mm. An.sp. 0.40 mm. Ceph.skel. 1.36—1.54mm 
(n = 2). 

Material studied. 2 puparia, Suduranga (Sri Lanka), (BMNH). 

Biology. Reared on cow dung (Shinonaga & Kano). 

Distribution. Oriental: Nepal to Japan and Lombok. 


Neomyia rhingiaeformis (Villeneuve) 
(figure 65 a~d) 


Puparium. Deep yellow to deep brownish-red, translucent to semi-opaque, closely 
uniformly microrugose and finely, closely transverse striate. Segments clearly bounded 
by knots and caudal segment rather more coarsely rugose than preceding segments. 
Spicules restricted to the ventral abdominal welts where they are arranged in about 
2—3 rows of large ones in a narrow zone across the whole width of the welt and 
terminating before the lower corner of the pleural sclerite. No visible spicules on 
thoracic segments (at x 100). Anal region coarsely rugose with vicinity of anal pore 
and the subanal, extra-anal and postanal papillac conspicuously raised. Anal plate 
obscurely ascending midway to level of lower spiracular margin. Pupal horns short and 
black (ca. 0.13 mm). Anal spiracular slits tortuous (6:4 -5:4—6). 

Cephalopharyngeal skeleton with very rudimentary ob. Length 5.0-7.75 mm. An. 
sp. 0.24—0.30mm. Ceph.skel. (0.27; 0.12; 0.98) — (0.40; 0.17; 1.43) = 1.37 — 2.00 
mm. AB = 0.042—0.048 (n = 4). 

Material studied. 2d with puparia, Kigata, Katale (Tanzania), 19.xii.1932: 26 with 
puparia, Kabala (Uganda), 27.xi.1932, E.G. Gibbins, Patton coll. (McM). 

Biology. The larval pabulum is not stated but the puparia were presumably from 
dung. Emden (1939) records the adults on flowers of Senecio brassicaeformis (or 
aberdarica) and Alchemilla, ascending to 13000ft in the Aberdare mountains 
(Kenya), and flying during August to October. 

Affinities. Apart from the remarkably produced proboscis and oral margin of the 
adults, clearly an adaptation to feeding at tubular corollae, and the unusually reduced 
oral bars of the mature larva, this is a fairly typical Neomyia. 

Distribution. Afrotropical; South Africa to Burunga (Zaire) Kenya and Addis 
Ababa (Ethiopia). 
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Figure 65. Neomyia rhingiaeformis: a, oraland hypopharyngeal sclerites from puparium: b, caudal 
segment of puparium (posterior view); c, anal spiracles of puparium showing variation in form of 
slits; d, head of 9 adult (lateral view); NV. dubia: e, cephalopharyngeal skeleton from puparium, 
showing hypopharyngeal sclerite afso in strictly lateral, and in lateroventral view; f, caudal segment 
of puparium (lateral view); g, anal spiracles, showing variation in form of slits. (Scales: a 0.20 mm; 
b 0.24mm;c¢ 0.22 mm;d 0.6 mm;e 0.16 mm; g 0.10 mm) (Orig.). 
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Neomyia albigena (Stein) 


Ovum. Briefly described by Munro (1925). Length 2.6 mm. 

Larva, Instar 1: head with 3 oral grooves on each side of oral cavity preceded by 2 
long rows of narrow spines and 1—2 shorter ones medially, before the anterior oral 
margin. Ventral abdominal welts distinctly spiculate, on segments 1 and 2 less so. Anal 
spiracles with 2 slits which are strongly sclerotised dorsally and laterally. Cephalo- 
pharyngeal skeleton as in other Neomyia species. Length up to 3.5mm. Instar 3: 
ventral abdominal welts distinctly spiculate. Anal plate with 4 papillae (i.e. ANP I and 
2) bordered behind by spiculate area between the narrow subanal papillae and encom- 
passing the postanal papilla; 10 prospiracular lobes. Anal spiracles black, with narrowly 
paler margins to median scar, upper gland openings and respiratory slits; these tortuous 
(5:5:5). 

Cephalopharyngeal skeleton with mh asymmetrical, the right longer and distally 
spatulate, the left sharply pointed. Ob absent. Length up to 12mm. An.sp. 0.3 mm. 
Ceph.skel. (0.36; 0.19; 1.52) = 2.00 mm (Munro, 1925). 

Puparium. Straw-coloured to light-brown with constriction across boundary of 
abdominal segments 1 and 2. Pupal horns small and dark. Caudal segment more rugose 
than preceding ones. Ventral abdominal welts distinct. Length 5.5mm. AB = 0.054, 
(Munro, 1925). 

Biology. Oviposition as in other Neomyia species, in cavities in fresh cow dung, 
each cavity containing up to 300 eggs, presumably from several females sharing the 
same site. The larval stage lasts 7 days in warm weather and pupariation follows in the 
soil and lasts a further 12 days. On hatching the adults are dark brown, the metallic 
colour developing slowly. Adults also visit flowers (Munro). 

Affinities. According to Emden (1939) this is closely related to rhingiaeformis, the 
head being similarly, though much less conspicuously, rostrate. 

Distribution. Afrotropical: Cape Province (South Africa) to Angola eastwards to 
Socotra and Rodriguez. 


Neomyia dubia (Malloch) 
(figure 65 e—g) 


Puparium. Translucent orange, slightly shining with transverse striations and often 
with narrow ochreous membranes over segmental boundaries. Caudal segment with 
strong foliate folds, especially in perispiracular region where they may overlap edges of 
the peritreme, and along hind edge of anal plate. Ventral abdominal welts 2—7 with 
obscure to distinct broad, pale spicules arranged in about 2 irregular transverse rows. 
Thoracic segments and dorsal parts of abdomen without visible spicules (at x 100). 
Weak spicules on pre-anal welt and a few behind anal plate, between the conspicuous 
subanal papillae. Anal plate coarsely rugose, ascending to level of upper edge of anal 
spiracle (or nearly so); 4—7 prospiracular lobes. Anal spiracles closely approximated, 
slits tortuous (5 7; 5; 5~—6). 

Cephalopharyngeal skeleton with distinct ob. Length 4.54—5.90 mm. An.sp, 0.29— 
0.38 mm. Ceph.skel. (0.32; 0.16; 0.85) = 1.32 mm. AB = 0.064 (7 = 9). 
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Material studied. 1d, 1° with puparia, Entebbe (Uganda), x.36, from cattle dung, 
E.G, Gibbins, ex Pation coll. (BMNH); 2d, 5? with puparia, Kampala (Uganda), 3.x. 
1932, E.G. Gibbins, Patton coll. (McM). 

Biology. Unknown in detail but breeds in cattle dung. 

Distribution. Afrotropical: South Africa to Ghana, Cameroon, Uganda and Kenya 
(Pont, 1980). 


Neomyia viridifrons (Macquart) 
(figure 64 g) 


Puparium. Shining dark-red, rather rugose and transverse striate, coarsely folded on 
caudal segment. Anal plate narrow, ascending to just below level of lower postspiracular 
edge. Ventral abdominal welts 2—7 with 2—3 rows of pale spicules of almost uniform 
size, ascending laterally at most to lower corners of pleural sclerites. Preanal welt with 
about 1 row of spicules; Anal spiracular slits highly tortuous. Length 8.3—8.6 mm. An. 
sp. 0.45 mm. Ph = 2.00 mm. AB = 0.052—0.054 (# = 2). 

Material studied. 2¢ ex puparia, Namwera (Malawi), 18.132, ex cattle dung, Dr 
W.A. Lamborn (BMNH). 

Biology. Nothing is known of the biology of this species except that it breeds in 
cattle dung. 

Distribution. Afrotropical: Natal (South Africa) to Ivory Coast, Liberia, Zaire, 
Uganda, Mauritius and Réunion. 


Neomyia timorensis (Robineau-Desvoidy) 
(figure 66 a—d) 


Ovum. Length 2.5 mm (Ferrar, 1979a). 

Larva, \nstar 1: ventral abdominal welt 1 with 1, and 2—7 each with 2 distinct 
bands of dark spicules, sometimes with a broken row in front of these. Anal plate very 
large and protuberant. Cephalopharngeal skeleton similar to /auta but relatively deeper 
and with pas shorter (see Ferrar’s figures). Length 3.0—4.0 mm. Instar 2: meso- and 
metathorax and abdominal segments 1 and 2 with complete spine bands, and ventral 
abdominal welts 2~—7 with distinct dark spicules. Pre-anal welt with fine spicules 
medially before anal plate; this large and protubcrant, with small patch of dark 
spicules medially behind. Cephalopharyngeal skeleton like Jauta but ds more 
sclerotised behind, extending back to front margin of hs. Length 56.8 mm. Instar 3: 
whitish, becoming grey-blue when mature. Thoracic and abdominal segments | and 2 
with complete anterior spine bands and ventral abdominal welts 2—8 with conspicuous 
black spicules. Anal plate large, with 3 pairs of finger-like anal papillae, similar 
subanals, rounded extra-anals, but no postanals — this area being finely spiculate. 
Perispiracular area with 4 peripheral tubercles. 

Cephalopharyngeal skeleton with mh symmetrical or nearly so; ob absent. Length 
up to 12 mm (Shinonaga & Kano 1973; and Ferrar, l.c.). 

Puparium. Translucent yellowish, moderately to strongly shining, sometimes very 
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Figure 66. Neomyia (Pseudorthellia) timorensis: a, cephalopharyngeal skeleton from puparium, b, 
posterior end of puparium (ventral view); c, same (lateral view); d, anal spiracles of puparium; 
N. australis: e, cephalopharyngeal skeleton from puparium; f, puparium (dorsal view); g, posterior 
end of puparium (ventral view); h, same (lateral view); i, anal spiracles of puparium. (Scales: a, e 
0.15 mm; b, c, f, g 0.78 mm; d, i 0.10 mm; h 0.40 mm) (Orig.). 
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slightly transverse wrinkled but not usually more markedly so on the caudal segment 
than elsewhere. Meso- and metathoracic segments and abdominal segments 1—7 with 
very conspicuous bands of fine black spicules anteriorly, those on thoracic and first 
abdominal segments (and sometimes very obscurely on second), extending over dorsal 
surface. Ventrally the spicules are in 2—3 orderly rows of larger ones, preceded by 1-2 
very irregular sparse rows of much finer ones and succeeded by 1—3 rows of teeth 
arranged in short serrate series; it is only these serrate rows which extend over the 
dorsal surface. Pre-anal welt with about 5 rows, the smallest of which, resembling in 
size the teeth in the serrate series of preceding segments, extend to the level of the 
upper edge of the anal plate. Anal plate with conspicuous papillae behind, but very 
small. Also behind anal plate is a region of dark spicules. Pupal horns shiny black, 
rather longer and thicker than in Jauta or australis, 5—9 prospiracular lobes. Anal 
spiracles rather small and distinctly elevated with slits rather simple (4—-5:4:4—5). 
Perispiracular field at most finely rugose, with weak tension folds. Cephalopharyngeal 
skeleton lacking ob. Length 5.0—6.25 mm. An.sp. 0.18—-0.25 mm. Ceph.skel. (0.27: 
0.16:0.73)—(0.33:0.20:0.90) = 1.15—1.41 mm AB = 0.036—0.040 (n = 13). 

Material. studied. 11 puparia, no locality (ANIC); 2° with puparia, N.Q. (Australia), 
6.iii. bred from bovine dung, P. Ferrar (BMNH). 

Biology. The biology is amply discussed by Ferrar (l.c.). The species breeds in 
bovine and human dung, and probably in the excrement of other animals since it 
occurs mainly in wet sclerophyll and rain forest areas of Australia where neither 
humans nor cattle are numerous. In Japan, Shinonaga & Kano found it to be frequent 
in cow dung in open pastures. Pont (1973a) gives additional information on the 
biology and habits. 

Affinities. This species, the type-species of Pseudorthellia Townsend, has many 
unusual features in its larval morphology which make it distinct from ‘most of its 
congeners. The conspicuous dark spicules and the absence of the oral bar in particular 
are features almost unknown in other members of the genus (the latter feature is only 
shared by australis and albigena as far as is known at present). According to Pont (1.c.) 
the closest relatives are steini Aubertin (from India), nefitarsis (Stein) (S.E. Asia) and 
greenwoodi Bezzi (Viji). Whether these share the aberrant larval features of timorensis 
is not yet known. 

Distribution. E. Palaearctic, to Australasia; Nepal to Japan southwards to Solomon 
Islands and New South Wales (Australia). 


Neomyia australis (Macquart) 
(figure 66 e—i) 


Ovum. Length 1.6—1.7 mm (Ferrar, 1979a). 

Larva. Instar 1: ventral abdominal welts 1—7 with rows of dark spicules (1 row on 1, 
2 on remainder), weaker than in lauta or timorensis. Cephalopharyngeal skeleton very 
like timorensis. Length 2.5—3.2 mm. Instar 2: body wholly without dark spicules. Anal 
plate without papillae. Cephalopharyngeal skeleton with mh and ans fused, but other- 
wise like lauta. Length about 4.3 mm. Instar 3: whitish to grey-blue (when mature), 
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without any dark spicules. Anal plate less protuberant than in timorensis or lauta, with 
only small weak subanals but no other papillae in anal region. 

Cephalopharyngeal skeleton very like timorensis. Length up to 9.7 mm (Ferrar, l.c.). 
: Puparium. Very closely shagreened, matt to weakly shining light red, subopaque 
x with conspicuous cuticular knots along intersegmental margins and muscle attach- 
‘ments. Very slightly constricted across the level of the pupal horns. Cuticle with at 
most very slight transverse wrinkles. Ventral abdominal welts 2—7 with 3—4 rows of 
papery squamose spicules. Anal plate remarkably transverse, often blackish, and not 
ascending more than half way up to level of lower edge of spiracular plate; about 6 
prospiracular lobes. Anal spiracles rather small, distinctly exerted, with slits rather 
simple (4—-5:4-5:4—5). Peripsiracular field at most slightly rugose like previous 
segments. Pupal horns small and fine (about 0.07 mm.). 

Cephalopharyngeal skeleton without ob. Length 5.3-5.9mm. An.sp. 0.25— 
0.28 mm. Ceph.skel. (0.29; 0.16; 0.90)—(0.33; 0.18; 1.01) = 1.35—-1.52mm. AB= 
0.047 (n = 15). 

Material studied. 13 puparia, no locality (ANIC); 2 puparia, Atherton, Queensland 
(Australia), 23.i.69, bred from bovine dung, R. Huppatz (BMNH). 

Biology. The biology is fully discussed by Pont (1973a) and Ferrar. It apparently 
favours more open country than fimorensis, commonly occurring with /auta and some- 
times outnumbering it in less open woodland. It is more resistant to cooler climates 
than either Jauta or timorensis and, like them, it is a familiar cow dung fly in 
Australia. 

Affinities. According to Pont this has no close relatives although it shares some 
characters with the Oriental sperata (Walker). The puparium is rather unusual in form 
and, like timorensis, lacks the ob, an apparently advanced feature in the Muscini. 

Distribution. Australasia: Torresian and Bassian range, from New South Wales to 
Lord Howe Island and northern Papua New Guinea. 


Genus Musca Linnaeus 
(figure 67-80) 


Ova. Musca-type (see under domestica), or with single median anterior respiratory 
horn (see under autumnalis) Length 1.0—2.7 mm. Up to 150 ovarioles. 

Larvae. Trimorphic saprophagous type. Instar 1: cephalopharyngeal skeleton very 
like Neomyia, with mh—ds complex long: (in strict lateral view the ds, ms and mh are 
not differentiated, appearing as a complex elongate structure which is referred to for 
convenience as the mh—ds complex.) La uncinate, conspicuous; pas very slender, 
long and straight; pe very short, at most as wide as da. Instar 2: cephalopharyngeal 
skeleton with mh and ans separate, very like Neomyia; mh acutely pointed to strongly 
uncinate, often with sub beyond anterior end. Instar 3: very variable in degree of 
spiculation, development of anal plate and adjacent papillae and in peripheral tubercles 
around perispiracular field. In sorbens most segments with broad anterior spinebands 
and much of body clothed in tiny, hair-like spicules. Anal plate very small in domestica, 
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being barely visible in lateral view, whilst in sg. Fummusca and sg. Viviparomusca it is 
enormous, often ascending well above the level of the upper anal spiracular edge; 4—15 
prospiracular lobes. Anal spiracles large or very large, scar median, slits peripherial, 
always tortuous (in sg. Viviparomusca extremely tortuous). 

Cephalopharyngeal skeleton remarkably constant; ob always absent, o/ always 
distinct (except in albina) and pyc always with very strong dorsal tooth. Length up to 
about 15mm. 

Puparia. Puparia belonging to the sg. Eumusca and Viviparomusca are unique 
amongst known muscid puparia in being whitish with an enormous anal plate. Most 
other Musca species have undistinguished orange or reddish puparia with much smaller 
anal plate. Length 3.00- 8.60 mm. An.sp. 0.21—0.68 mm. Ceph.skel. 0.95—2.38 mm. 
AB = 0.034—0.090. 

Biology. Most Musca species are essentially stercoricolous in the larval stage, but a 
few develop in a much wider range of media (e.g. Musca domestica is virtually 
omnivorous). About half of the known species are oviparous, the remainder depositing 
larvae, sometimes in the final instar as in Dasyphora. Whilst Musca larvae are generally 
regarded as being purely coprophagous (or saprophagous), carnivory is known in 
Musca domestica and may occur occasionally in most species. 

Oviparous Musca species are amongst the most prolific muscids; in domestica, 
which may lay up to 2500 eggs, 18 broods have been recorded annually in Arizona 
(Siverley & Schoof, 1955b). 

The genus is remarkable for the economic, medical and veterinary importance of 
some of its members. The eusynanthropic domestica is regarded as being one of the 
major vectors of disease pathogens in places where hygiene is not of the highest 
standard, but many ouldoor species also transmit pathogens through their predilection 
for sipping mammalian blood issuing from wounds. Some blood-fecding species have 
strong prestomal teeth which enable them to reopen healing wounds. 

Fortunately their potential for harm is greatly reduced by their numerous enemies, 
of which man has little claim to be regarded as the most efficient. Musca larvae fall 
prey to many other muscid larvae (e.g. Muscina, Myospila, Hydrotaea), numerous 
parasitoid wasps and predatory Coleoptera. The adults are devoured by innumerable 
carnivorous insects and other arthropods, whilst the Fly fungus (Zntomophthora 
muscae Cohn) also takes its toll. 

Affinities. According to Hennig (1965) this genus is monophyletic, possessing the 
apomorphic character of a characteristic sensory pit on the third antennal segment. 
According to larval morphology, Dasyphora may be most closely related to Musca. 

Musca contains several natural groups, some of which have been regarded as 
separate genera. In this work I am following the subgeneric arrangement used by Peris 
& Llorente (1963). 

Distribution. Mainly Palaecotropical, but with 17 specics also in the Palaearctic. 
M. domestica has become cosmopolitan through commerce, whilst autumnalis has 
been accidentally introduced into the New World. 
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Subgenus Musca sensu stricto 


Musca (s.str.) domestica Linnaeus 
(figure 4a, b, 5a, b, 67 a—g) 


Ovum. Outer meshwork layer generally slightly thicker than inner, and chorionic 
structure between hatching pleats same as elsewhere on shell; posterior pole without 
widened canals in inner meshwork layer (as is the case in Neomyia and Morellia) and 
outer surface not raised above hexagonal canal system of inner meshwork layer. 
Entire outer surface covered by very thin perforated chorionic sheet (invisible under 
light microscope). Length 1.1—1.2mm (Hinton, 1960, 1967). About 100—150 
ovarioles (Lobanov, 1977a). 

Larva. Instar 1: slender white maggot with pale sub. Ventral abdominal welts |—8 
with dark spicules only (1 row on 1, 2 rows of larger spicules with smaller ones in 
front and behind on 2—7, I row on pre-anal welt) and a similar row behind anal plate. 
Posterior spiracles with simple reniform slit. Length up to 2.6 mm. Instar 2: similar but 
the only dark spicules are the postanal group. Anal plate small, without tubercles but 
slightly gibbous; about 5 prospiracular lobes. Anal spiracles with 2 nearly straight slits. 
Length up to 6.8mm. Cephalopharyngeal skeletons of instars 1 and 2 in figure 4. 
Instar 3: the mature larva may be distinguished from all other known muscid larvae by 
the following combined features: prothoracic spine band with closely arrayed blunt 
spicules, sharper and more widely spaced on the ventral lunulate patch. Meso- and 
metathorax, and sometimes abdominal segment 1 with complete anterior spine bands 
of similar, sharper, more widely placed spicules. Ventral abdominal welts 2—8 with 
scattered small spicules on anterior and posterior slopes and a row of larger ones across 
the crests. Anal plate remarkably small, barely visible in lateral view, twice as wide as 
long, surrounded by wide spiculate area and succeeded by a pair of small subanal 
papillae between which is a postanal patch of darkened spicules. Perispiracular field 
sometimes with 5 pairs of very obscure peripheral tubercles; 5—7 prospiracular lobes. 
Anal spiracles separated by 0.25—-0.67 times width of one, slit tortuous (5; 3; 5). 

Cephalopharyngeal skeleton without the 2 conical distal processes on the epistomal 
plate found in other species discussed by Kleynhans (1969); left #2 much shorter and 
thinner than right; ds separate. Length up to 14mm. (NB. Ranade (1965) describes 
the tracheal system of the mature larva, and details of internal anatomy are given by 
Hewitt (1914).) 

Puparium. Red-brown, almost evenly rounded at each end, subparalle] medially. 
Cuticle slightly dulled by very fine transverse striations. Ventral abdominal welts 3-7 
distinct and anal plate, when puparium viewed laterally (so that one spiracle completely 
hides other), ascending to about 0.4 of height of caudal segment. Anal spiracles 
separated by about 0.5 to 0.67 width of one. Length 3.00—6.85 mm. An.sp. 0.19— 
0.22 mm. Ceph.skel. (0.26; 0.12; 0.73) = 1.08 mm. AB = 0.028—0.055 (uz = 116). 

Material studied. 26 with puparia, Belle Vue, Manchester, vi.62, from garbage 
comptising putrifying Periplaneta americana and cigarette ends swept from floor of 
hothouse in zoo; | puparium, Snaith, South Yorkshire, 7.xi.75, from manure heap 
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Figure 67. Musca (s.str.) domestica: a, instar 3 larva; b, cephalopharyngeal skeleton from puparium; 
c, detail of spiculation on ventral abdominal welt 4 of puparium; d, caudal segment of puparium 
(ventral view) (spiculation stylized to accentuate the distribution; e, same (lateral view); f, anal 
spiracle of puparium; g, anal spiracle of an Indian specimen; M. (s.str.) terraereginae: h, distal end 
of puparium (ventral view). (Scales: a 1.0mm; b, f, g,h 0.24 mm; c 0.10 mm; d, e 0.61 mm) (Orig.) 
(NB. b, d, e, f M@. domestica calleva, c M. domestica domestica.) 


with Muscina stabulans puparia, P. Skidmore (MAGD); ! puparium, from Roman 
drain at Catterick, North Yorkshire, 3 puparia from roman site at Carlisle, Cumbria 
(England), 10 puparia from 12th century cess-pit, Hen Domen, Powys (Wales) (DoE); 
61 puparia, with adults, Coonoor, Tamil Nadu (India), iii—viii.20, from horse dung and 
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internal contents of dead bull, Patton coll. (McM); 76, 119 M. domestica calleva, 
Onderstepoort (South Africa), iii. and viii.80, F, laboratory culture, E.M. Nevill 
(VRI). 

Biology. A massive literature exists for this fly, the classical communicative 
endophilous eusynanthrope (Greenberg, 1971). The following account is a very brief 
resumé. Further details are available from Hewitt (1914), West (1951), Hennig (1964), 
Greenberg (1971), Pont (1973a), West & Peters (1973) and Hardy (1981). 

Griffiths (1908) and Hewitt found that adults attained sexual maturity 10—14 days 
after eclosion, whilst Zimin (1951) asserted that they reached this state only 18 hours 
after emergence. Liichtrath (1979) gives the pre-oviposition period as 2.5—13 days at 
24—26°C and 60% RH., with half the population commencing laying in 5 8.5 days. 

The process of copulation is described by Hewitt, and Lichtrath notes that the 
wings of the highly promiscuous males quickly become frayed as a result of vigorous 
action by females resisting their attentions. This is one of the causes of the shorter life 
span of males. The adult life span is given by Liichtrath as generally about 25—52 days 
with an upper limit of 80 days. 

The fecundity data available display enormous disparities. Zimin (1.c.) found the 
females had 2, more rarely 3 and very rarely 4 ovarian cycles, each resulting in up to 
150 eggs, whilst Griffiths found that the normal number of cycles was 4. These data 
give totals per female of upwards of 600 eggs, but Liichtrath gives an average corre- 
sponding figure of some 450 for free-strain flies and 1400 for laboratory strains, with 
an upper limit for the latter of 2100. Pont (1973a) refers to a maximum recorded 
figure of 2500. 

It is not clear whether these very high figures result from unusually high ovariole 
numbers or from additional ovarian cycles, but according to Hewitt all mature cggs 
contained in the ovaries are usually laid in one day, either in several smaller clusters or 
altogether in one large one. Although females prefer to lay in daylight, especially during 
the afternoon, Liichtrath found that oviposition during darkness is quite common; in 
any case the eggs themselves are normally secreted in dark crevices. 

The duration of the egg stage depends entirely on temperature and humidity, but at 
25—-35°C they may take as little as 8—12 hours, whilst at 10°C 2—3 days may be 
required (Hewitt). Hinton (1960) found that the chorionic resistance to hydrostatic 
pressures is unusually low in domestica, approaching that of Myospila meditabunda. 

According to Hewitt the ancestral pabulum was horse manure or stable refuse but it 
will develop in all manner of decaying animal or vegetable matter where fermentation 
is occurring — the fundamental requirement noted by Réaumur (1734-42). Among 
additional materials to the 41 different media listed by Hewitt, Siverly & Schoof 
(1955c) give soil impregnated with dish water containing organic matter, dog, rabbit, 
pig, cow and chicken excrement, kitchen garbage and rotting grass clippings from the 
lawns of ‘high-class residential blocks’. I found large numbers breeding in floor refuse 
with Fannia canicularis (L.), Drosophila busckii Coq., Coboldia fuscipes (Mg.) and the 
American cockroach (Periplaneta americana (L.)) in a humid, permanently heated shed 
where the cockroaches bred unchecked, near Manchester. A sample of the refuse was 
collected, consisting of dust, waste paper, banana peel, dead roaches and hoards of 
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cigarette ends, all sodden and consolidated by the liquified metabolic products of the 
roaches themselves. Amongst this mass the roaches and housefly maggots lived happily 
together and one maggot was isolated in a tube with one of the cigarette stubs. It 
pupariated deep inside the sodden tobacco and the adult emerged a week later. 

As with the ova, the duration of the larval stage varies with physical factors but 
depends also on larval food. The first instar larva undergoes ecdysis in 1—1.5 days, 
whilst the second instar ranges from 1 day at 33—35°C to several days at 10°C. Hewitt 
and Zimin found the former was the optimum temperature, resulting in a complete life 
cycle occupying only 8 days. Griffiths (in Hewitt) found that larvae kept in satisfactory 
warmth until pupariation produced adults even at lower temperatures, although 
emcrgence was hastened if puparia were maintained at satisfactory values too. However 
when larvae were kept cool and puparia warm, the resulting flies were all 
unusually small. He found that a plentiful supply of food in cool conditions produced 
few if any flies and those surviving were infertile. Hewitt showed that duration of 
larval life was partly dependent on food quality since at 20°C the larval stage took 20 
days on human faeces and 27 on bananas. Some reared on horse dung under the same 
thermal regime but varying humidities took 13 days in moist conditions, while in drier 
ones dwarf adults emerged after 30 days. If too dry, the larvae perished before 
maturity. Under optimum conditions the larval stage takes 3-9 days. Séguy (1923) 
and Liichtrath found that the larvae are sometimes carnivorous, especially when over- 
crowded and undernourished. This fact is not surprising in view of the ancestral 
carnivory, but is presumably a ‘last resort’. 

The puparial stage may last 3~5 days at 35°C and high humidity but in less 
favourable conditions it may occupy several weeks. Larvae usually pupariate in or very 
close to, the matcrial in which they have developed. 

It will be appreciated that the duration of the life cycle is governed by many par- 
ameters which preclude a precise estimation; 8 days would appear to be an approximate 
minimum, whilst less favourable conditions may extend the duration to upwards of 80 
days. In temperate regions the adults hibernate; Hewitt claimed that winter was never 
spent in Britain in the puparial state. However in permanently heated premises the 
species probably breeds continuously. Siverly & Schoof (1955b) record up to 18 
generations annually in Phoenix, Arizona (U.S.A.) where it breeds throughout the 
year, Liichtrath studied the many differences in performance between laboratory 
strains, which had been bred indoors for numcrous gencrations, and free or wild strains 
and their progeny. He concluded that hypotheses constructed upon laboratory strains 
had limited application to wild strains since the latter showed inferior performance in 
longevity, pre-oviposition period, duration of egg-laying ability, fecundity, ovarian 
development and in duration of pre-imaginal development. On the other hand wild 
strain females more often laid in the dark. In temperate regions peak populations of 
adults occur in late spring and late summer. Holway et al. (1951) found that in Egypt 
the optimum temperatures for adults are 20—25°C with peak populations from March 
to June, then from September through autumn. 

This insect has numerous enemies. Filipponi (1955) found that the predatory mite 
Macrocheles muscaedomesticae Scopoli destroys eggs and larvae, whilst many 
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predaceous muscid larvae devour the maggots. Hewitt noted that Muscina stabulans 
larvae killed far more domestica larvae than they devoured, whilst Portchinsky (1910, 
1913) found that the main enemies of domestica in northern Russia were Myospila 
meditabunda, Hydrotaea dentipes and Muscina stabulans. He said that in many places 
these had led to local exterminations of domestica and Stomoxys, and a similar 
phenomenon may have occurred at Hen Domen (Wales) (see under H. dentipes). 

Housefly larvae are also attacked by ants and they have many hymenopterous 
parasites (see West, 1951). Amongst the numerous enemies of adult houseflies may be 
mentioned the Fly fungus Entomophthora muscae, predatory flies, wasps and many 
arachnids. 

Despite its numerous enemies this is one of the most successful of insects, due 
largely to its extreme adaptability. Portchinsky (1910) suggests that its many muscid 
enemies (i.e. Myospila and Hydrotaea dentipes) may have served to drive it from its 
ancestral haunts into the relative sanctuary of close human company, where, in the 
absence of hygiene it finds an ideal niche. Hewitt and others attest to the incredible 
versatility of this fly and it is clear that strict adherence to the rules of hygiene may be 
man’s best defence, for the recent battery of chemicals appears to have had very 
limited success. The first spectacular indication that domestica would not succumb 
permanently to such an onslaught was the appearance of the DDT-resistant strain first 
noted in Italy by Sacca (1947), and since found in many countries. Schoof et al. 
(1951) recorded that in Phoenix, Arizona ‘outstanding control was achieved late in 
1949 with Dieldrin at 25-60 mg./sq.foot’, but similar applications 6 months later 
failed spectacularly to suppress the flies as they had developed immunity to Dieldrin 
too. Schoof et al. (1954b) note that Dieldrin treatment of privies strongly modifies the 
fly population in favour of domestica as against its predator, Muscina stabulans, so 
that populations of these flies are reversed when Dieldrin is applied. Wiesmann (1957) 
found that the epicuticle of DDT-resistant strains contains 30—40% more lipids than 
the normal non-resistant strain. 

It has been shown that overcrowding adversely affects houseflies, leading to 
camivory amongst larvae, and, in extreme cases, reduction in fertility. They have 
therefore developed a pronounced migratory habit, and Siverly & Schoof (1954) 
found that the adults tend to disperse from places of emergence, wandering at random 
for distances of up to 20 miles. The vast majority however trave] no more than 2 miles, 
visiting all attractants en route. 

Rather surprisingly it appears that the olfactory sense in this fly is much weaker 
than in Musca autumnalis, Muscina stabulans ox in Calliphora, for Wiesmann (1960) 
found that domestica has only 550—600 sensorial processes on the third antennal 
segment (about one seventh the number found in the other 2 muscids, and less than a 
seventh that of Culliphora). There are however abundant chemoreceptors on the tarsi 
(Lewis, 1954; Dethier, 1955) and these, along with the mass foraging habits of the flies 
ensure that rich feeding places will be speedily located. 

Though normally eusynanthropic this fly sometimes occurs in open country where 
it behaves as a sweatfly. Hulley (1979) remarks that of the Afrotropical subspecies 
calleva is an outdoor insect, though still eusynanthropic, whilst curviforceps is usually 
found indoors. 
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Since domestica develops in the most unsavoury of conditions and is fond of 
imposing itself upon its human hosts, walking over man’s food and even colonising his 
person as a facultative parasite should the opportunity arise, it is one of the few species 
found in temperate regions which is a major threat to public health. Hewitt and other 
authors give numerous instances of intestinal, aural and urino-genital myiasis in 
humans produced by domestica larvae, whilst Kriimmel & Brauns (1956) record it as 
an accidental cause of ocular myiasis. Greenberg (1971) provides a long bibliography 
on the medical and veterinary significance, associating it with the spread of Typhoid, 
Cholera, Dysentry and Poliomyelitis as well as ova of parasitic nematodes like Ascaris 
and Taenia solium. These organisms are carried directly from the filth in which the fly 
breeds to the food or exposed parts of the bodies of the humans under whose roofs 
the flies find shelter. 

Affinities. The Musca domestica complex includes a number of clines and 
morphological or chromatic forms. However 2 Afrotropical subspecies, exhibiting 
ecological, morphological and genctic differences (calleva Walker and curviforceps 
Sacca & Rivosecchi) are now recognised and have been the subject of much research 
by Hulley (1978, 1979), Sacca (1953, 1956) and others. The Australian terraereginae 
is regarded as a distinct species but further studies may show it to be also part of a 
domestica cline (Pont, 1973a). 

Distribution. Cosmopolitan, having been transported by commerce to most of the 
habitable world. Arrival in more remote islands, including Spitzbergen, Novaya 
Zemlya and many of the Pacific and south Atlantic islands is thought to be relatively 
recent, and in colder regions where colonies cannot become established owing to 
hostile climates and lack of human habitations its occurrence is certainly due to 
repeated introductions. Its original home is uncertain but was possibly in the southern 
Palaearctic or the Middle East, whence it was spread by human agency throughout 
much of the Old World. The occurrence of puparia commonly in Roman deposits 
shows that it was very common in Britain during the Roman occupation and it prob- 
ably occurred throughout the Roman Empire. Arrival in the New World is thought to 
have been fairly recent (Hennig, 1964). Huckett (1965) gives the most northerly 
localities in the Nearctic as Wood Buffalo Park (N.W.T.), Ogoki (Ontario), Indian 
House Lake and Hebron (Labrador) and Ivigtut (West Greenland). Southwards it 
ranges to Chile and southern Argentina (Pont, 1972c). In the Old World it ranges from 
Iceland, Spitzbergen and Novaya Zemlya to South Africa, Tasmania and New Zealand. 


Musca (s.str.) terraereginae Johnston & Bancroft 
(figure 67h) 


Ovum. Very similar to domestica. Length about | mm (Ferrar, 1979a). 

Larva. Not distinguished from domestica by Ferrar (1979a), who examined all three 
instars. Length up to 12mm. 

Puparium. Shining light-red, extremely finely microrugose and very finely trans- 
versely wrinkled. Ventral abdominal welts on segments 1--7 conspicuous, with fragile 
whitish papery spicules arranged in 4—5 rows and 5-7 on the pre-anal welt. Anal plate 
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very small and clearly defined, slightly more transverse than in domestica but with 
similar small patch of dark spines behind; 6—7 prospiracular lobes. Anal spiracles, 
according to Ferrar, more approximate than in domestica (spiracle distance factor ca. 
0.13 in terraereginae compared with 0.33—0.63 in domestica); respiratory slits 
(5;5—6; 5). 

Cephalopharyngeal skeleton with distinct ol, and left mh rugose, blackish, half as 
long as shining reddish, weakly curved right mh. See also Johnston & Bancroft, 
(1920). Length 4.1—4.7mm. An.sp. 0.17—0.24 mm. Ceph.skel. (0.18; 0.07; 0.50)— 
(0.25; 0.10; 0.73) = 0.75—1.08 mm. AB = 0.041—0.051 (# = 9). NB. The adults from 
the above series of puparia were abnormally small (length 4—4.6mm) and hence 
dimensions given above are very small. Ferrar gives 4.9-6.4mm for puparia. The 
figures given by Pont for puparia also appear to be unusually small (i.e. 4-5 mm for 
puparia compared with 9—12 for larvae and 4—7.5 for adults). 

Material studied. 26 with puparia, Balcal Beach, Rollingstone, Queensland, 29.iv.69, 
ex dung (half human, half bovine mixed), P. Ferrar; 16, 1? with puparia, Burnside, 
N.T., 28.x.22, pupa ex carrion, Willings; 1¢ with puparium, Wyndham (Australia), coll. 
4.iii., em. 30.iii.30, T.G. Campbell (ANIC); 5 puparia from Burnside, Wyndham and 
Balcal Beach (data as above) (BMNH). 

Biology. Pont (1973a) and Ferrar (1979a) discuss the biology of this common 
Australian fly, which is mainly associated with cow and horse dung but breeds in 
numerous dung types and other media, including carrion and wounds on sheep. 
Females may copulate 5 days after emergence and oviposit 5 days later, and the life 
cycle takes 8—18 days. A hemi-synanthropic symbovine (Greenberg, 1971), the adult 
of which acts as host to Habronema, whilst puparia are parasitised by Spalangia 
nigroaenea Curtis. In tropical Australia flies are active throughout year, but further 
south mainly from March to May. 

Affinities. Pont suggests this may be an endemic subspecies of domestica or a 
member of a domestica cline. 

Distribution. Australia: Torres Straits westwards to Carnarvon (W.A.) and south 
to Canberra (A.C.T.), but most abundant in more northerly parts of range. 


Subgenus Lissosterna Bezzi 


Musca (Lissosterna) albina Wiedemann 
(figure 68 a—c) 


Puparium. Pale yellowish, almost matt, subopaque and transverse-striate, irregularly 
so on caudal segment. Spicules concolorous, extremely ill defined. Anal plate very 
small, strongly transverse, not ascending midway to level of lower anal spiracular edge, 
periphery rugose but not obviously spiculate; 6 prospiracular lobes. Anal spiracles with 
black peritreme, orange disc and pale yellow slits (4:3:4). 

Cephalopharyngeal skeleton with mh orange anteriorly, of and dorsal tooth on hs 
absent and pve only half as long as pde. Length 3.88 mm. An.sp. 0.20 mm. Ceph.skel 
(0.18; 0.12; 0.58) = 0.94 mm AB = 0.051 (n = 1). 


237 





Figure 68. Musca (Lissosterna) albina: a, cephalopharyngeal skeleton from puparium; b, caudal 
segment of puparium (lateral view); c, anal spiracles of puparium; M. (Plaxemya) vitripennis: d, 
cephalopharyngeal skeleton from puparium; e, anal spiracles of puparium; M. (Byomya) ?tem- 
pestiva: f, caudal segment of puparium (lateral view); g, anal plate of puparium; h, caudal scgment of 
puparium (posterior view); i, anal spiracles of puparium. (Scales: a, b, f, g, h, 0.24mm; ¢, i, 
0.12 mm; d 0.15 mm; e 0.10 mm) (Orig.). 
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Material studied. 1 puparium, Ashkhabad, Turkmenia (U.S.S.R.), 8.vii.31, Vlassov, 
det. Stackelberg, Patton coll., (McM). 

Biology. Viassov & Stackelberg (quoted in Hennig, 1964) record large numers of 
larvae from a dead tortoise (Testudo horsfieldi Gray). 

Affinities. According to Patton (1933) and Hennig (I.c.) this is very closely related 
to sorbens and so its separate subgeneric status is doubtful. Patton referred to the 
puparium as being white, as in Eumusca and Viviparomusca, but the anal plate is much 
smaller and the anal spiracular slits are only moderately tortuous. The cephalopha.yn- 
geal skeleton is unusual in lacking a sclerotised o/ and dorsal tooth on the hs. 

Distribution. A xerothermic species ranging through drier parts of Afrotropical and 
Oriental Regions and into the southern Palaearctic from Tunis to the southwestern 
Ukraine and Kazakhstan (Draber-Moriko, 1966a). 


Subgenus Plaxemya Robineau-Desvoidy 
Musca (Plaxemya) osiris Wiedemann (vitripennis of authors) 


Larva. Instar 3: thoracic and abdominal segments 1—7 with complete anterior belts 
of minute spicules. Caudal segment bluntly and smoothly rounded behind; 9 prospir- 
acular lobes. Anal spiracles separated by at most a third width of one; slits small 
(3—4; 3-4; 3-4). 

Cephalopharyngeal skeleton with left mh slightly shorter than right, o/ distinct and 
pve shorter than pdc. See also Salem & El Sherif (1960, as vitripennis), who do not 
give the length. 

Biology. Salem & El Sherif (1960) found final instar larvae in cow dung at Kerdasa 
(Egypt) and report that the adults are troublesome sweatflies in deserts and villages, 
although they very rarely enter human habitations. They occur mainly on and around 
grazing cattle and their excrement. Miiller (1881) records the adults on flowers in the 
Alps at altitudes of 2100—2200 mm. Rubio (1978) records the periodicity of this 
species in Salamanca province (Spain), where puparia were found at all times of year; 
adults from May to September and eggs and larvae, in cow dung, from June to 
October; winter is spent in the puparial stage. 

Affinities. According to Hennig, vitripennis and osiris are the only species of Musca 
endemic to the Palaearctic. M. vitripennis, as identified by Zimin (1951), Hennig 
(1964) and authors should in fact be called osiris Wicd. 

Distribution. Palaearctic: Canaries and Azores across north Africa to Egypt and to 
shores of the Caspian Sea, northwards to Suffolk (England), southern Sweden and the 
Voronezh district (U.S.S.R.), but very rare in Europe north of the Alps. 


Musca (Plaxemya) vitripennis Meigen (osiris of authors) 
(figure 68, d, e) 


Ovum. Length 1.7—1.9 mm (Zimin). 
Larva. Anal plate about same size as in domestica but with much stronger spicules 
before and behind; 7 -9 prospiracular lobes. 
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Ceph.skel. with mA very strongly curved apically. Length up to 8mm (Zimin, 
1948). 

Puparium, The single example studied has the entire surface very closely and 
coarsely rugostriate, the rugosities transverse except on the caudal segment where they 
are irregular. Ventral abdominal welts 2—7 with 2—3 rows of large spicules which 
terminate laterally below the level of the lower edge of the anal spiracle. No spicules 
discernible dorsally or laterally. Pre-anal welt with about 6 rows of large spicules. Anal 
plate ill defined due to coarse cuticular folding but not ascending more than midway 
between anus and level of lower edge of spiracular plate. Anal spiracles large, very 
narrowly separated; respiratory slits (4-5; 4; 5-6). See also Zimin (1948, 1951, as 
osiris). Length 5.07 mm. An.sp. 0.30. Ceph.skel. (0.27; 0.14; 0.77) = 1.18 mm. AB = 
0.059 (n = 1). According to Hennig’s figures for adults (3—3.5 mm.), the puparium 
described here is abnormally large: the adult male which emerged from this puparium 
measured exactly the same length as the puparium. 

Material studied. 1¢ Orrore (India), 16.x.70, ex maggot in cow dung, C.I.B.C. 
(BMNH). 

Biology. Zimin records this species breeding in the dung of cows, pigs and donkeys, 
the eggs hatching in about 24 hours and the entire life cycle under average temperatures 
of 25.7°C, taking 10 days. 

Affinities. M. osiris, as identified by Zimin (1951), Hennig (1964) and authors 
should in fact be called vitripennis Mg. 

Distribution. Palacarctic: like osiris, essentially a species of the steppes and deserts, 
ranging from north Africa through Israel, Afghanistan and north India to northern 
China. The northern limit of its Palaearctic range coincides approximately with the 
northern edge of the steppes from the lower reaches of the Ural river across 
Kazakhstan and Mongolia to Sikhote-alin. It appears to be unknown in Europe, being 
replaced by Musca osiris. 


Subgenus Byomya Robineau-Desvoidy 


Musca (Byomya) tempestiva Fallén 
(figure 68 f—i) 


Ovum. Figured and described by Hammer (1941) and Zimin (1951). 

Larva, Zimin (1951) figured and described all three larval instars. The matured larva 
closely resembles lucidula and vitripennis but lacks the tiny spicules behind the anal 
opening. 6—8 prospiracular lobes. Length up to 7.5 mm. 

Puparium. Pale yellow with fine transverse striations, especially on caudal segment; 
translucent shining, Ventral abdominal welts distinctly coarsely spiculate, each with 
2-3 rows of concolorous, large, rather acute spines. Pre-anal welt rugose but without 
apparent spine and none behind the very transverse anal plate; this not reaching mid- 
way to level of lower anal spiracular edge. Dorsal surface of abdomen without 
discernible spicules; 6 prospiracular lobes. Anal spiracles large, narrowly separated; 
peritreme dark-brown, disc reddish and slits orange (4:4:4). 
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Cephalopharygneal skeleton with distinct sclerotised of but ph otherwise similar to 
albina. Length 3.64 mm. An.sp. 0.15 mm. Ph. 0.61 mm. AB = 0.041 (7 = 1). 

Material studied. 1d with puparium, Khartoum (Sudan) (BMNH). 

Biology. This communicative exophilic symbovine (Greenberg, 1971), according to 
Zimin (1951) breeds almost exclusively in cow dung, often in large numbers, with 
Myospila meditabunda and Brontaea impedita. More rarely it breeds in horse dung 
(Zimin) or pig dung (Greenberg). The 2 adults are facultative blood-feeders and very 
troublesome sweatflies, especially in sultry weather. 

Affinities. The description of the puparium above may really refer to the very 
similar tempestatum Bezzi. 

Distribution. Palaearctic and north Oriental: Canaries to Sudan, through Kashmir 
and China to Japan, north to Channel Islands (Assis Fonseca, 1968), Lapland, central 
Urals, Baikal, Mongolia and Manchuria, but very sporadic in northerly parts of range. 


Musca (Byomya) ventrosa Wiedemann 
(figure 69 a -d) 


Larva, instar 3: described by Ishijima (1967). 

Puparium. Orange-red, appearing matt and almost smooth to naked eye but with 
very fine hair-like angular tension folds on caudal segment and transverse ones along 
the segmental boundaries which are clearly marked. Ventral abdominal welts narrow, 
not extending above level of lower angle of pleural sclerite and consisting of 2—3 rows 
of concolorous or membranous triangular rather large spicules. Anal plate very small 
and narrow, without any postanal spicules; 5—7 prospiracular lobes. Anal spiracles 
shining black, with dull yellowish respiratory slits (4-5; 3—4; 4—5). Length 4.06-~ 
5.90 mm. An.sp. 0.18—0.25 mm. Ph. 0.73—0.85 mm. AB = 0.042—0.044 (a = 13). 

Material studied. 2d with 10 puparia, ‘Bred in Madras (India), S.L.sh.dung’, 8- 
19.iv.20, Patton coll. as nigrithorax (McM); 36 with puparia, Lunga, Guadalcanal 
(Solomon Islands), ex cow dung, R.J.A.W. Lever (BMNH). 

Biology. Pont (1973a) and Ferrar (1979a) survey the biology of this species which 
breeds mainly in cow dung and human faeces, less often in manure heaps and garbage 
dumps. The adult is attracted to rotting fish, meat, mammalian exudations and 
wounds, and is often a persistent and troublesome sweat fly. Ferrar suggests that its 
preference for wooded areas may be a result of its observed habit of laying its eggs 
openly on the surface of dung, hence allowing rapid dessication in full sunlight. In 
India it commonly enters houses (Deoras & Jandu, 1943) and it is a known carrier of 
Habronema megastoma and muscae (West, 1951). 

Distribution. Palaeotropical: South Africa to Sierra Leone and Tanzania, then 
Assan to Shanghai, north Australia and Solomon Islands. 


Musca (Byomya) conducens Walker 
(figure 69 e—h) 


Larva. Patton (1936) figures the anal spiracles of the mature larva. 
Puparium. Light-red, smooth to closely transversely wrinkled, matt, sometimes with 
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Figure 69. Musca (Byomya) ventrosa: a, caudal segment of puparium (lateral view); b, detail of 
spiculation on ventral abdominal welt 7 of puparium; c, caudal segment of puparium (ventral view); 
d, anal spiracles of puparium; M. (B.) conducens: e, caudal segment of puparium (posterior view); 
f, same (ventral view) (spiculation and cuticular sculpture not indicated); g, detail of spiculation 
on ventral abdominal welt 7 of puparium; h, anal spiracles of puparium. (Scales: a, b, c, e, f, 
0.20 mm; d, g, h 0.10 mm) (Orig.). 


papery crests along coarser rugae on caudal segment and on ventral abdominal welts. 
Caudal segment obscurely to distinctly reticulate rugose. Thoracic segments rather 
more rugose than proximal abdominal segments and sometimes with complete anterior 
spine bands discernible. Abdominal segments 2—7 each with about 2—3 rows of large 
blunt spicules along crests of welts and with slightly rugose folds before and behind 
these which appear at x 100 as rows of weakly developed minute spicules. Laterally 
the spicules end about the level of the lower anal spiracular margin. Pre-anal welt 
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without distinct spicules, but postanal region may appear somewhat scabrous in some 
lights and spicules perhaps present there in the larval stage. Caudal segment sometimes 
with dorsal grooves indicated by cuticular knots. Anal plate clearly marked, ascending 
to at most midway between anus and level of lower postspiracular margin; 6—8 
prospiracular lobes. Anal spiracles separated by at most half the width of one, 
respiratory slits (4-5; 3-4; 5—6). Length 3.75—4.70 mm. An.sp. 0.15—0.18 mm. PA. = 
0.70 mm. AB = 0.038—-0.040 (a = 14). 

Material studied. 3d, 19 with puparia, Kuala Lumpur (Malaysia), 12.vii.39, bred in 
cow dung in cattle shed, A.G. Pillar (BMNH); I¢, 19 with puparia, Jerusalem (Israel), 
10.121, P.A. Buxton; 26, 19 with 7 puparia, Coonoor, Tamil Nadu (India), ex cow 
dung, Patton coll. (McM). 

Biology. The eggs are laid in groups of 30—40 in dung of cattle or other animals 
(Thomson, 1947). The adults possess 5 well-developed prestomal teeth which serve to 
open healing wounds of cattle to facilitate blood sucking (Cragg, 1913) and they have 
been recorded entering houses in India (Deoras & Jandu, 1943). Pont (1969a) also 
records them from honeydew in Tanzania. 

Distribution. A very wide-ranging species, from South Africa to Israel, eastwards to 
Manchuria and Papua New Guinea. 


Musca (Byomya) planiceps Wiedemann 
(figure 70 a—f) 


Larva, Patton (1936) figures the anal spiracles of the mature larva. 

Puparium. Light-red, matt, with transverse striations along segmental boundaries 
and coarse, irregularly angulate, tension folds on caudal segment. On segmental bound- 
aries and caudal segments, the stronger rugae have conspicuous papery. whitish or pale 
ochreous membranous crests, and these are often so wide on the front margins of the 
segments that they cover the ventral abdominal welts. The welts have 2—4 rows of 
large papery spicules ventrally but complete spine bands comprising some 6—7 rows of 
minute serrations (about 0.001 mm, long) encompass the thoracic and at least the first 
abdominal segment anteriorly. On succeeding abdominal segments these minute 
serrations do not extend over the dorsal surface. Anal plate sometimes obscured by the 
papery excrescences referred to above, but unusually large for Byomya, reaching level 
of lower anal spiracular edge; 11 prospiracular lobes. Anal spiracles decidedly large, 
separated by about a quarter the width of one, dull black with yellow slits (4—5: 3-4; 
4-5). Length 5,00-5.20mm. An.sp. 0.22mm. Ceph.skel. (0.32; 0.11; 0.80) = 
1.22 mm. AB = 0.042—0.044 (n = 3). 

Material studied. | puparium, no locality (BMNH); 29 with puparia, Matale (Sri 
Lanka), coll. 15.iv.em. 27.iv.20, bred from cow dung in field, W.S. Patton (McM). 

Biology. Only known from cow dung in which female deposits early last instar 
larva (Patton, 1932; Senior-White, 1944), or occasionally an egg (Awati, 1918) but 
then probably not fertile (cf. Ferrar, 1975). 

’ Affinities, Larval features slightly aberrant for sg. Byomya, the anal plate being 
unusually large and there being an exceptionally large number of prospiracular lobes. 
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Figure 70. Musca (Byomya) planiceps: a, cephalopharyngeal skeleton from puparium; b, anterior 
spine band on dorsal surface of abdominal segment 5; c, detail of ventral abdominal welt 5 of 
puparium; d, caudal segment of puparium (posterior view); e, same (lateral view); f, anal spiracles 
of puparium; M. (B.) lucidula: g, caudal segment of larva (lateral view); h, same (posterior view); i, 
anal spiracle of mature larva. (Scales: a—e 0.24 mm; f 0.10 mm) (g—i after Zimin, 1948, rest orig.). 


In these details and in the vivipary planiceps approaches sg. Eumusca or Viviparomusca, 
but the anal spiracular slits are typical of sg. Byomya. Another unusual feature is the 
very strong development of the papery excrescences along the stronger cuticular folds 
which give the puparium a peculiar banded appearance to the naked eye. Whilst this 
can be seen in certain other Musca species ] have not seen it elsewhere to such a 
marked degree as in the three planiceps from which the above description is made. 

Distribution. Oriental; Nepal to Kwangtung (China), Philippines, Sumbawa and Sri 
Lanka. 
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Musca (Byomya) lucidula (Loew) 
(figure 70 g—i) 


Larva. Instar 3: closely resembling tempestiva in the size of the anal plate, though 
this rather larger in the present species. Subanal papillae very small and area between 
them with very small spicules; 5—6 prospiracular lobes. Anal spiracles decidedly small 
(5; 4; 3). See also Zimin (1948, 1951). 

Cephalopharyngeal skeleton very like tempestiva. Length up to 6.7 mm. An.sp.ca. 
0.12 mm. 

Biology. Zimin found that near Molotovobad (Tadzhikistan) larvae reach peak 
populations later than tempestiva, so that whilst from mid June to August fempestiva 
larvae outnumber Jucidula, the proportion is then reversed. The females lay in fresh 
cow dung, preferring open sunny pastures, apparently never indoors or in manure 
heaps. In the laboratory the life cycle is very rapid, at 27—33°C, taking only 8—9 days, 
of which the puparial stage lasts 5—6 days. In nature however, especially when 
humidity is low in breeding sites, the species is thought to enter diapause. 

The adults sip blood flowing from wounds on cattle, camels, horses and donkeys 
and congregate on mucous membranes about the eyes and muzzles of these animals. 
They are known to transmit certain pathogens. 

Distribution. Palaearctic: north Africa and southern Asia north to Uzbekistan; the 
only European record is an unconfirmed one from Sicily. 


Musca (Byomya) sorbens Wiedemann 
(figure 71 a—f) 


Ovum. Described and figured by Zimin (1948). Length 1.4mm (Bohart & Gressitt, 
1951). 

Larva. Instar 3: dirty whitish with prothoracic collar bearing dense arrays of sharply 
serrate spicular rows, those on the ventral lunulate area larger and more widely 
separated. Mesothoracic band with scale-like spicules only but metathoracic band with 
both smaller and larger spicules. Abdominal segments 1 —5 (often also 6) with spicular 
bands, comprising larger and smaller ones, extending over dorsal surfaces, but on 
segment 7 (sometimes also 6) ending just below lower corner of pleural sclerite; ventral 
abdominal welts 1-7 with small spines anteriorly, a row of large ones along the crest, 
and scale-like ones posteriorly. On each side of abdominal segments 1--6 a distinct 
group of small spicules below the lower lateral muscle scars. Caudal segment practically 
covered with acute, partly bifurcate, spicules and medioventrally, behind anal plate, 
with area of larger dark-tipped spines. Anal plate small, rounded in front and behind. 
Perispiracular region with 5 pairs of conical tubercles, of which the third pair are the 
smallest; 4-9 prospiracular lobes. Anal spiracles large, narrowly separated, with 
conspicuous black peritreme and paler disc; respiratory slits (5; 4; 4). 

Cephalopharyngeal skeleton with very large mh. Length up to 12 mm (Kleynhans, 
1969), (m = 6). 

Puparium, Matt pale-orange with whitish membranous folds and very fine, pale, 
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Figure 71. Musca (Byomya) sorbens: a, cephalopharyngeal skeleton from puparium, b, caudal 
segment of mature larva (posterior view) (spiculation not shown); c, same (lateral view). d, posterior 
end of puparium (lateral view); e, caudal segment of puparium (lateral view); f, anal spiracles of 
puparium; M. (B.) vetustissima: g, caudal segment of puparium (posterior view); h, anal spiracles of 
puparium. (Scales: a, g, h 0.24mm; d, e 0.40 mm; f 0.10 mm) (b and c after Zimin, 1948, rest 
orig.). (NB. in figure a the pharyngeal sclerite is less deep than in Zimin’s figure owing to distortion 
during dessication.) 


246 


papery, hair-like spines widely scattered over the caudal segment, appearing at lower 
power (x [5) as sparse whitish dusting. These spines are easily rubbed off but leave 
very tiny, obscure dark dots. At higher magnification caudal segment has a very 
scabrous appearance. Abdominal segments 1—7 anteriorly with broad conspicuously 
spiculate ventral welts, having about 5 rows of nearly uniform larger spicules on each 
welt, succeeded by 2-4 rows of minute ones arranged in serrate rows. Laterally and 
dorsally the spine bands are equally wide but the spicules generally rather smaller than 
those on ventral surfaces. Anal plate very narrow and barely ascending onto lateral 
surface, Para-anal papillae well developed and postanal region broadly spiculate; 6—7 
prospiracular lobes. Anal spiracles large, very narrowly separated; slits (4; 3—4; 4). See 
also Kleynhans (l.c.) and Bohart & Gressitt (1951). Length 4.24-5.45 mm. An.sp. 
0.10—0.31 mm. Ceph.skel (0.27; 0.11; 0.63)--(0.30; 0.13; 0.71) = 1.00—1.10 mm. 
AB = 0.045—-0.057 (n = 10). NB. In three of the specimens examined the 5 pairs of 
perispiracular tubercles were visible. 

Material studied. 2 puparia, Serday (Malaysia), 15.viii.39, ex pig excreta on side of 
pigsty, A.G. Pillar; 6 mature larvae, Tabora (Tanzania), 6—7.iv.48, passed in stool by 
Labrador dog, B.L. Peck (BMNH); 8 puparia (CAS). 

Biology. According to Zimin (1948) this fly develops mainly in human faeces but 
also utilises horse, cow and pig dung. It often occurs in huge populations, as Zimin 
found in Tadzhikistan where he estimated up to 42000 larvae per kilogram of human 
faeces in summer. The adults are addicted to all manner of decaying matter and swarm 
over foodstuffs. They eagerly sip blood issuing from open wounds on animals and have 
a great predilection for exudations from eyes of mammals, an important factor in their 
role in the transmission of tracheal conjunctivitis and ophthalmiasis. Greenberg (1971) 
provides details of the biology and disease-spreading capabilities of this insect which he 
terms a mainly exophilic, highly communicative eusynanthrope. From. its abundance 
in streets and bazaars it is known in the Soviet Union as the Bazaar fly. See also Hardy 
(1981) for the importance of this fly in Hawaii. : 

Affinities. It has been shown that Musca sorbens, like domestica, forms a species 
complex (Paterson & Norris, 1970). 

Distribution. Palueotropical and southern Palaearctic: Azores through Sicily, 
Cyprus, southern Kazakhstan and Manchuria to southern Japan and Guam, south to 
St. Helena, South Africa, Madagascar. Introduced into Hawaii (Hardy, I.c.). 


Musca (Byomya) vetustissima Walker 
(figure 71 g, h) 


Ovum. Anterior four-fifths of chorion covered with plastron craters (Greenham, 
1971). Length 1.7—1.8 mm (Ferrar, 1979a). 

Larva. Instar 1: oral opening with marginal row of concolorous teeth on each side. 

Ventral abdominal welts 1—7 with a row of fine black spicules. Subanal papillae 
very small but distinct. Length up to 2.8mm. Instar 2: ventral abdominal welts with- 
out dark spicules. Subanal papillae small but distinct; about 7 prospiracular lobes. Anal 
spiracles with slits nearly straight, subparallel. Cephalopharyngcal skeleton with slender, 
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acute mh, and separate ds and ans. Ph with pyc obviously shorter than pde. Length 
3.0—5.7 mm. Instar 3: ventral abdominal welts with concolorous spicules. Anal 
plate medially swollen; subanal papillae distinct. Caudal segment with 4 pairs of 
perispiracular tubercles; about 6 prospiracular lobes. Anal spiracles dark brown, 
separated by less than a quarter the width of one. 

Cephalopharyngeal skeleton with left mh much shorter than right, rather narrow 
and strongly curved at middle. Ph with pve distinctly shorter than pde. Length up to 
11.1 mm (Ferrar, |.c.). 

Puparium. Pale-yellowish to light-red, matt, subopaque, closely and very finely 
shagreened and transversely wrinkled. Intersegmental boundaries and muscle scars 
marked by cuticular knots. Anterior spicular bands on thoracic and abdominal 
segments 1-5 (or 6) distinct and extending broadly over dorsal surface; on the ventral 
welts 1-7 (including segment 6 and 7) there appear (at x 100) to be about 6—8 rows 
of larger spicules followed by 1—3 rows of tiny serrations. On lateral and dorsal 
surfaces it is these serrate rows which occupy the full width of the spicule band, with 
often many more such rows on these surfaces. Sometimes these spine bands are coated 
in a papery material. Caudal segment with sparse tiny pale spicules sometimes visible at 
x 100 scattered over much of surface. Anal plate narrow, reaching about half way to 
level of lower spiracular edge; 5—7 prospiracular lobes. Anal spiracles large, closely 
approximate, with broad dark peritremes, slits (S—8; 3; 4). Length 4.60—-6.10 mm. 
An.sp. 0.22—0.32 mm. Ceph.skel. (0.26; 0.10: 0.61)—(0.31; 0.13; 0.73) =0.94— 
1.12 mm. AB = 0.048—0.054 (a = 13). 

Material studied. 12 puparia from laboratory culture, P. Ferrar, CSIRO: 6 puparia, 
bred from cow dung, Atherton, Queensland, 27.ix.1967, P. Ferrar; 16 with puparium, 
Canberra (Australia), ex cow dung, xii. 1956—i.1957, K.R. Norris (ANIC). 

Biology. The biology and habits of this important species are fully dealt with by 
Pont (1973a) and Ferrar (1979a), and in references included in their bibliographies. 
For a detailed review and biology, see Hughes et al. (1972). 

Affinities. Pont (1973a) discusses the sorbens complex, pointing out that it is 
uncertain whether some populations occurring in the Oriental Region, in which the 
male frons is narrow, are specifically distinct from vetustissima. It is not clear whether 
the caudal segment is extensively spiculate in vetustissima as in sorbens. 

Distribution. Australia: widespread but absent in winter from southerly areas. 


Musca (Byomya) lasiophthalma Thomson 
(figure 72 a—h) 


Larva. Instar 3: Kleynhans (1969) figures and describes the mature larva in detail. It 
is pale yellow with thoracic segments anteriorly encircled by close-set rows of small 
spicules with a few larger ones interspersed. Ventral adbominal welts 1—7 with a 
transverse row of very distinct large spicules with smaller ones in front and, on 
segments 1—4, with scale-like spicules also behind, along the hind-margins of the welts. 
On segments 1 and 2 the spine bands extend also over the dorsal surface, but on 
succeeding segments only below the lower corners of the pleural sclerities. Caudal 
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Figure 72. Musca (Byomya) lasiophthalma: a, cephalopharyngeal skeleton from puparium; b, oral 
sclerites (dorsal view); c, hypopharyngeal sclerite (dorsal view); d, same (posterior view); e, detail 
of ventral abdominal welt of puparium; f, detail of spicules on same welt; g, posterior end of 
puparium (ventral view); h, anal spiracles of puparium; M. (8.) pattoni: i, posterior end of 
puparium (ventral view); j, same (lateral view); k, caudal segment of puparium (posterior view); |, 
detail of spiculation on anterior spine band on dorsomedial part of abdominal segment 4, m, 
spiculation on mediolateral part of same spine band; n, spiculation on medioventral part of sume 
spine band; o, anal spiracle showing also median and lower respiratory slits of another specimen. 
(Scales: a, b, c, d, h 0.15 mm; e, tl, m, n 0.30mm; f 0.07 mm; g 1.20mm; h 0.15 mm; i, j, k 
0.78 mm; o 0.10 mm) (Orig. ). 
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segment with 5 pairs of very obscure perispiracular prominences. Anal plate ascending 
about midway to level of lower postspiracular edge, slightly deflected forwards at 
uppermost angle; anal region without discernible peripheral papillae. Pre-anal welt with 
a row of spicules and a small group of postanal ones medially. Length up to 11 mm. 
An.sp. 0.18 mm (Kleynhans, 1969). 

Puparium. Yellowish- to red-brown, matt to weakly shining, microrugose and 
transverse striate, caudal segment more irregularly reticulate rugose. Intersegmental 
areas and rugae on caudal segment with conspicuous opaque papery veils widening 
ventrally over abdominal welts but of uniform width on thoracic segments. Ventral 
abdominal welts with spicules arrayed in about 4—6 rows but generally covered by the 
papery veils. Anal plate reaching midway to level of lower spiracular margin; 7-9 
prospiracular lobes. Anal spiracles black with yellow slits (4—5:4—5:4—5), separated 
by less than half width of one. 

Cephalopharyngeal skeleton with left mh shorter than right by its own subapical 
diameter. Length 3.88—5.88mm (mostly 5.4—-5.8mm, only 12% being less than 
4.6mm). An.sp. 0.17—0.23 mm (0.14 mm in abnormally small specimen). Ceph.skel. 
(0.13; 0.08; 0.61)-—(0.19; 0.11; 0.86) = 0.80—1.12 mm. AB = 0.034—0.039 (” = 60). 

Material studied. 20d, 20° with puparia, Onderstepoort (South Africa), vii.80, E.M. 
Nevill (VRI); 126 with 20 puparia, without locality, Patton coll. (McM). 

Biology. A well-known member of the cow dung community in South Africa. 

Affinities. The puparium is very similar to planiceps but the anal plate is much 
smaller. 

Distribution. Afrotopical: Cape Town (South Africa) to Nigeria and Kenya. 


Musca (Byomya) pattoni Austen 
(figure 72 i-o) 


Larva, Patton (1937) figures the anal spiracles of the mature larva. 

Puparium. Whitish to ochreous with very conspicuous spicules on abdominal welts 
and over most of caudal segment. Mesothoracic spine band consisting only of tiny 
serrate rows but on metathorax and proximal abdominal segments first 1-2 rows con- 
sisting of larger triangular spicules. Ventral abdominal welts with largest, mainly blunt, 
dark-tipped spicules (up to 0.05mm long) in 2-3 rows along crest of each welt, 
ascending laterally to below level of lower anal spiracular edge. This region of large 
spicules preceded by 3—5 rows of much smaller, mostly sharper ones on anterior face 
of welt and often a patch on hind-medioventral part of preceding segment. Laterally 
the smaller ones end about same level as the larger, but beyond this level a broad belt 
of 6—8 rows of still finer spicules extends unbroken over the dorsal surfaces of 
segments 1—5 (or 6). Dorsolaterally sometimes with a region of rather larger, darker, 
sparser, acute spicules arrayed in 3—4 rows before the dorsal spine bands on segments 
1—6. Ventral welt 7 ending on same level as pre-anal welt. Anal plate huge, very 
sharply defined, surrounded by very broad spiny area encompassing not only the 
postanal region beyond the peri-anal papillae but extending broadly over the dorsal 
surface bordering the uppermost margins of the anal plate and the dorsal grooves. 
Perispiracular area fairly smooth but surrounded by region of fine wrinkles in 
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Figure 73. Musca (Byomya) confiscata: a, caudal segment of puparium (lateral view); b, same 
(ventral view); c, detail of spiculation on ventral abdominal welt 7; d, anal spiracles of puparium; 
M. (Philaematomyia) crassirostris: e, anal spiracles of mature larva. (Scales: a, b 0.20 mm; c, d 
0.10 mm) (e after Thomson, 1947, rest orig.). 


which are usually clear indications of 4 pairs of perispiracular tubercles and a 5th pair 
between the lowermost of these and the anal plate; 8 prospiracular lobes. Anal 
spiracles large, shining black with yellowish, very tortuous respiratory slits (8-13; 5— 
8:6—14). Length 6.06-6.82 mm. An.sp.0.39—0.44 mm. Ceph.skel. (0.26;0.16;0.84)— 
(0.30; 0.18; 0.98) = 1.24—1.44 mm. AB = 0.064 (# = 9). 

Material studied. 1¢ with puparium, ex buffalo dung, Peshawar (Pakistan), 16.viii. 
1971, C.1.B.C.; !¢6 with puparium ex bovine manure, Hesarghatta, Bangalore, vi.1975 
(BMNH); 56, 29 with puparia ex cow dung, adults emerged 18.vii.1932, Pusa, Bihar 
(India), Coll. Bhatia (McM). 

Biology. The above material was collected from dung and manure of cattle in June, 
July and August. 

Affinities. In larval morphology a typical sg. Eumusca, except for the large number 
of perispiracular tubercles, but the adult features are those of a sg. Byomya. 

Distribution. Oriental; northern Pakistan and Nepal to Sri Lanka, Burma, and, 
doubtfully, China. 


Musca (Byomya) confiscata Speiser 
(figure 73 a—d) 


Larva. Instar 3: pale yellowish, whitish towards extremities. Prothoracic collar with 
close-set rows of blunt spicules, those on ventral tunulate patch more widely placed. 
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Meso- and metathoracic spicular bands consisting of spicules of uniform size and 
shape. Ventral abdominal welts 2—7 with single row of large spines followed by a row 
of finer ones. First abdominal segment without spicules on ventral welt; 6—8 
prospiracular lobes. Anal spiracles very small. NB. According to Kleynhans (1969) this 
species and domestica are distinguished from other known South African dung-breeding 
Musca in lacking large spicules on the first ventral abdominal welt, and confiscata is 
unique in lacking postanal spicules. Length up to 8.0mm. An.sp. 0.16 mm (Kleynhans, 
1969). 

Puparium. Pale orange-yellow, translucent shining, sparsely transverse striate and 
with very conspicuous cuticular knots along segmental boundaries and on muscle scars. 
Ventral abdominal welts on segments 2 to 7 each with 2—3 rows of uniformally large 
spicules (ca. 0.02 mm long). Pre-anal welt with about 2 rows of very obscure smaller 
ones. Dorsal surface of abdominal segments without discernible spicules (at x 100). 
Anal plate rather large, nearly ascending to level of lower anal spiracular edge, without 
spicules postanally; 6—8 prospiracular lobes. Anal spiracles with yellowish slits (4; 4; 
4). Length 3.5mm. An.sp. 0.16 mm. Ceph.skel. (0.18; 0.12; 0.62) = 0.92 mm. AB = 
0.046 (n = 1). 

Material studied. 1¢ with puparium, from cow dung, Dir Kot (India) 8.vii.71, 
C.LB.C. (BMNH). 

Biology. Only known to develop in cow dung. 

Distribution. Afrotropical and Oriental; South Africa to Ghana and Egypt, then 
Uttar Pradesh (India) to Sri Lanka, Philippines and Ryukyu Islands. Largely replacing 
tempestiva in the tropics. 


Subgenus Philaematomyia Austen 


Musca (Philaematomyia) crassirostris Stein 
(figure 73e) 


Larva. Instar 3: very deep lemon-yellow with spicules on prothoracic collar and 
ventral lunulate patch slender, blunt, and arranged in irregular discrete series. Meso- 
and metathoracic bands with squamiform spicules and scattered small spines. Bands on 
abdominal segments 1 and 2 similar and also extending over dorsal surfaces; 3 some- 
times with a few spicules below lower corner of pleural sclerite. Ventral abdominal 
welts 1—7 with row of large spines preceded by row of smaller ones but only segment 
1 with squamiform spicules along its hind-margin. Anal plate rather large, succeeded 
by small medioventral group of spines. Perispiracular region with 5 fairly distinct 
peripheral tubercles; 6—9 prospiracular lobes. Anal spiracles brownish with blackish 
peritreme and paler slits (4—5; 4, 4-6). See also Thomson (1947) and Zimin (1951). 
Length up to 10.5 mm. An.sp. 0.22 mm (Kleynhans, 1969). 

Biology. According to Zimin (1951) this breeds mainly in cow dung and he reports 
up to 7 females laying simultaneously on one cowpat, covering it with masses of rather 
large eggs from which the larvae rapidly hatch. Patton & Cragg (1912) and Thomson 
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(1947) also studied the biology of this fly, the latter author noting that very fresh 
dung was favoured, oviposition following soon after that of Haematobia and Brontaea. 
Greenberg (1971) states that it is also recorded from horse dung. Several authors 
comment on the blood feeding habits of this fly, Greenberg adding that its greatly 
enlarged prestomal teeth are said to be adequate for piercing softer skin. Thought to 
be an important disease-carrying species amongst stock animals, Greenberg refers to it 
as a symbovine which is hemi-synanthropic in some areas. 

Distribution. Afrotropical- §. Palaearctic-Oriental; South Africa to shore of 
Mediterranean, east to Taiwan and Lombok. 


Subgenus Eumusca Townsend 


Musca (Eumusca) autumnalis De Geer 
(figure 74a—d) 


Ovum. Hinton (1960) points out that the egg in sg. Eumusca has a median terminal 
respiratory horn and that the outer meshwork layer of the chorion is covered by a 
continuous sheet of chorionin broken only dorsally between the hatching pleats and 
on the horn. Length 2.3—2.7 mm. About 25 ovarioles (Lobanov, 1977a). 

Larva, Instars 1 and 2: cephalopharyngeal skeleton figures by Schumann (1963), 
very like vetustissima. Instar 3: as in the description of the puparium below except 
that spicules surrounding anal plate and along dorsal grooves of caudal segment more 
distinct and there are weak anal and subanal papillae. Ventral surface of abdominal 
segments with a few spicules along hind-margin, mainly in small patch on each side of 
medioventral line immediately preceding welt of following segment: Length up to 
10mm. 

Puparium, Whitish to greyish, matt or with somewhat satin shine. Ventral abdominal 
welts very conspicuous, those on segments | and 2 with 3—4 rows, subsequent ones 
with 6—10 rows of large, broad, rounded squamose spicules preceded by about 2 rows 
of much smaller ones and succeeded by a similar row. The largest squamose ones are 
about 0.05 mm long, the smallest about 0.005 mm and whilst most are entirely pale, 
dark-tipped ones are not uncommon. The spicules are mainly restricted to ventral and 
lateroventral surfaces but a few very ill-defined ones may be present on the antero- 
dorsal surface of one or more of the proximal segments. Anal plate enormous, 
ascending beyond level of lower anal spiracular edge without anterior deflection 
towards outer ends; with a narrow zone of often poorly defined squamose spicules 
extending along upper lateral extremities and along each side of the dorsal grooves. 
Anal plate itself smooth and without peripheral papillae but with broad region of 
squamose spicules along hind-margins, broadest medioventrally; 8—9 prospiracular 
lobes. Anal spiracles very large, separated by about a quarter the width of one, shining 
black throughout; slits (6; 5; 5). Sec also Zimin (1951). 

Cephalopharyngeal skeleton very similar to M. domestica. Length 4.2—6.4 mm. An. 
sp. 0.31--0.36 mm. Ceph.skel. (0.23; 0.11; 0.64)-—(0.24; 0.11; 0.67) = 0.95—1.00 mm. 
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Figure 74. Musca (Eumusca) autumnalis: a, cephalopharyngeal skeleton from puparium; b, caudal 
segment of larva (posterior view); c, same (lateral view); d, anal spiracle of mature larva; M. (£.) 
hervei: e, detail of spiculation on ventral abdominal welt 4 of puparium; f, caudal segment of 
puparium (laterial view); g, same (posterior view). (Scales: a, d, e, h, 0.24 mm; f, g 0.61 mm) (b-d 
after Zimin, 1951, rest orig.). 


AB = 0.048—0.086 (n = 27). NB. It appears from a careful measurement of all of the 
specimens examined that there is an inverse relationship between the length of 
the puparium and the height of the anal spiracles and length of larval mouthparts. The 
specimen with AB value of 0.086 was a deformed, undernourished example. 

Material studied. 27 puparia, Rhyd y Creuau, Clwyd (Wales), vii.75, ex cow dung in 
pastures, P. Skidmore (MAGD). 

Biology. The eggs are laid in very fresh cow dung, usually about 10—15 minutes 
after it has been deposited but sometimes up to an hour or two later. Each female lays 
about 20—30 eggs singly, arranging them so that the respiratory horns project above 
the surface. Teskey (1969) suggests a normal number of ovarian cycles would be 9. As 
noted by Hinton (l.c.} the egg of this fly is therefore more subject to dehydration than 
many other muscid eggs. The eggs hatch in about 24—29 hours (Portchinsky, 1910; 
Hammer, 1941) and 24 hours later the larvae are in their final instar. 
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Being very soft bodied the larvae are much prone to attack by predaceous muscid 
larvae, and several parasitic Hymenoptera attack them; Blickle (1961) records 
Aphaereta pallipes Say, Xyalophora quinquelineata Say and various species of Eucoila 
from autumnalis. Teskey (1969) records a 10% mortality in autumnalis due to 
Aphaeteta and Xyalophora. 

The larvae are essentially coprophagous, favouring cow dung, but they have much 
more rarely been recorded from unrelated media: Billups (1896) reared this fly from a 
caterpillar of the lasiocampid Philudoria potatoria (L.), whilst Séguy (1923) says 
‘obtenu d’éclosion avec Sarcophila lineata des oeufs d’un criquet’. However, mis- 
identifications must be suspected. 

The duration of the larval stage varies from 9 days at 25°C (Zimin, 1951) to 5—6 
days at higher temperatures (Derbeneva-Uchova, quoted in Hennig, 1964). In the 
Caucasus, Derbeneva-Uchova found that the entire life cycle took 15—18 days, whilst 
Hammer (1941) gives 3 weeks for Denmark. In July 1975 in north Wales I found that 
at 15—20°C the larval stage occupied about 7 days, the puparial about 12. llammer 
records 4 generations annually in Denmark of which the final brood of adults, 
emerging in late September or October, hibernate in groups in buildings until the 
following spring. Laurence (1955) found that hibernating females had undeveloped 
ovaries when examined in late winter. Cuny (1978) asserts that the species is 
univoltine in Switzerland. 

Zimin (1951) states that autumnalis is one of the bloodsucking muscids and the 
well-developed prestomal teeth clearly support this, for with their aid the fly is able to 
re-open healing wounds for the purpose of sipping blood. The adult is consequently 
strongly attracted to injured animals and Klesov (1949, 1950) found that in the 
Ukraine autummalis was an intermediate host of Thelazia rhodesi Desmarest, which 
causes thelasiosis in cattle, sometimes leading to blindness. 

M. autumnalis is a truly rural insect, favouring pastures adjacent to wooded areas. It 
is very seldom encountered indoors but it visits many flowers (Parmenter, 1951; Cuny, 
1978) and honeydew (Tiensuu, 1936) and basks in the sun on foliage, or on upright 
surfaces. Carrion and excrement are equally attractive to it (Gregor & Povoiny, 1961) 
and in hot weather it joins Morellia and Hydrotaea in their quest for mammalian 
perspiration, often being particularly troublesome to cattle. There are numerous 
enemies of adult autumnalis for it is attacked by the larger empids, asilids and 
scathophagids, various sphecid wasps (i.e. Oxybelus uniglumis (L.) and Metacrabro 
quadricinctus (De Geer)) and the Fly fungus Entomophthora muscae. A review of the 
behaviour and ecology is given by Teskey (1969). 

Affinities. Portchinsky (1910) found that in Russia two extremely similar species 
had been confused under the name of Musca corvina F. One of these, which he called 
ovipara, laid eggs in the normal way; the other laid first instar larvae and he conse- 
quently referred to it as darvipara. He dissected the uterine eggs of Jarvipara and found 
that they lacked the median apical horn of ovipara, and he also found structural dif- 
ferences between the larvae of the two ‘forms’. It was later shown that ovipara 
Portchinsky is conspecific with autumnalis and corvina. Townsend (1937) found that 
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the adult of autumnalis and its relatives in sg. Eumusca differ from larvipara, and other 
sg. Viviparomusca species, in having symmetrical ovaries, whilst Hennig (1964) noted 
that in Viviparomusca the ovipositor is shorter than in Eumusca and the suprasquamal 
ridges are hirsute. He recognised three further Palaearctic species of Eumusca (i.e. 
amita Hennig, xanthomelaena Wiedemann and hervei Villeneuve). 

Distribution. Palaearctic and Afrotropical, but introduced into eastern North 
America in the late 19th century; Morocco through Egypt to Kashmir north to 
central Scotland, southern Norway, central Sweden, central Finland and east to Alma 
Ata. Further east partly or wholly replaced by amita, and in the E. African mountains 
by 2 subspecies (Peris, 1967). Also introduced into St. Helena (Pont, 1976b). In North 
America it ranges from Georgia to Nova Scotia, southeast Canada and west to 
California (Huckett, 1965b). 


Musca (Eumusca) hervei Villeneuve 
(figure 74 e—g) 


Larva, Instar 3: figured and described by Fan (1957), this appears to be extremely 
similar to that of autumnalis, differing only in the strongly reflexed anal plate; 9 
prospiracular lobes (7—8 according to Patton, 1937). Length up to 9mm. 

Puparium. Dirty ochreous-brown, matt to slightly shining, fincly transverse striate. 
Spine bands on meso- and metathorax with only extremely fine serrate rows, the large 
spicules commencing on the first abdominal ventral welt where are 2-3 rows, 
increasing to about 4 rows on segment 4. The anterior spine bands extend over the 
dorsal surfaces of abdominal segments 1-3, (more rarely to 5), comprising serrate 
arcuate rows. Ventral abdominal welts with spicules concolorous and welts generally 
not as wide as spaces separating them. Caudal segment with conspicuous postanal 
spicules and sometimes these extend along the hind- and upper-margins of the anal 
plate and also along the dorsal grooves (in about 10% of specimens seen), Pre-anal welt 
with several rows ventrally, diminishing laterally. Anal region sometimes with subanal 
and postanal papillae slightly indicated. Anal plate strongly, often angularly reflexed in 
upper anterior part; 8—11 prospiracular lobes (mostly 9). Anal spiracular plates large, 
shiny black throughout, with highly tortuous respiratory slits (7-13; 5—9; 7-13). 
Length 5.70--6.24mm. An.sp. 0.32--0.34mm. Ceph.skel. (0.27; 0.13; 0.90)—(0.33; 
0.16; 1.10) = 1.22--1.50 mm. AB = 0.054 -0.056 (” = 29). 

Material studied. 29 puparia, with adults, Chinan, Shantung (China), ix.25, bred 
from cow dung, Patton coll. (McM). 

Biology. According to Patton (1937) the horned eggs are laid in fresh cow dung in 
the fields, which is the normal habitat according to Park (1977), and the adults are 
blood-teeders. Meng & Winfield (1951) also record the species breeding in soil compost. 

Affinities. Very closely related to autumnalis. 

Distribution. Oriental-East Palaearctic: northern India through Burma, north to 
Manchuria, South Korea and Japan. 
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Musca (Eumusca) xanthomelaena Wiedemann 
(figure 75 a—e) 


Ovum. According to Patton (1933) the egg is very similar to that of autumnalis. 

Larva. Instar 3: orange-yellow dorsally, whitish ventrally. Prothoracic collar and 
ventral lunulate pate with slender blunt-tipped spicules arranged in discrete regular 
rows. Mesothoracic spine band reduced to a small group of spicules just behind base of 
prospiracular process. Metathoracic band complete with spicules of two sizes. Similar 
bands on abdominal segments 1—3 but the band on segment 4 barely ascends to lower 
level of pleural sclerite. Ventral abdominal welts 1-7 with 2 transverse rows of large 
spicules with a few smaller ones along hind-edges of welts; also a few sometimes along 
hind-margins of segment 4 on each side of medioventral line. Caudal segment inflated 
dorsally with small irregular series of spicules along the dorsal grooves. Anal plate 
distinctly reflexed in upper part, with a line of spicules along the muscle scars running 
parallel with upper margin of anal plate, directed towards lower anal spiracular edge; 
the entire hind-margin of anal plate bordered by belt of spicules which become more 
extensive towards the medial postanal region. Perispiracular field with 5 pairs of weak 
peripheral prominences, the lowermost pair of which are smallest and most obscure; 
4—6 prospiracular lobes (7—8 according to Patton). Anal spiracles shining black, 
separated by a quarter the width of one, with slits moderately tortuous. Length up to 
13.5 mm (after Kleynhans, 1969). 

Puparium, Whitish-cream, rarely dull brownish. Very smooth except in spinose 
areas. Mesothoracic spine band indiscernible but metathoracic one complete, as are 
those on abdominal segments 1 and 2 where are 3—4 rows of very tiny, sometimes 
obscure teeth arranged in short groups of 2—4; these teeth measure about 0.001 mm 
and extend over the dorsal surfaces of the first and second abdominal segments but 
on succeeding ones they terminate progressively lower down the sides of the body. 
Ventral abdominal welts 1-7 comprising about 2--3 very irregular rows of mostly 
concolorous larger spicules (about 0.025 mm) followed by 1 irregular row of medium- 
sized ones alternating with a row of minute ones (about 0.012 mm). On some segments 
1-3 rows of the medium-sized spicules may precede the rows of large ones, especially 
medioventrally. Pre-anal welt with about 4—6 rows of often darker spicules. Through- 
out the spicules are mostly of a concolorous whitish or pale colour and are not so 
conspicuous as in some related species. Anal plate with a narrow band of elongate 
spicules along posterior margin and along the upper edges, and dorsal surface of caudal 
segment with similar spicules along the sides of the dorsal grooves; 4—6 (mostly 5) 
prospiracular lobes. Anal spiracles shining black with tortuous slits (5-7; 5; 5—6). 
Length 3.25—6.70 mm. (NB. Only 1 specimen in sample measured the minimum size 
given and only 4 measured 4mm or less, the majority being 5.5—6.2 mm.) An.sp 
0.22—0.33 mm (mostly 0.28—0.31). Ceph.skel. (0.20; 0.08; 0.66)—(0.36; 0.15; 1.15) = 
0.94—1.66 mm. AB = 0.049—0.068 (mainly 0.050—0.051) (n = 279). 

Material studied. 6 puparia, Karonga (Malawi); 19, from old cow dung, W.A. 
Lamborn (BMNH); id, 3? with puparia, Pusa, Bihar (India) bred from cow dung, vi. 
1932, Patton coll. (McM); 269 puparia, with adults, from laboratory culture reared on 
cow dung, Onderstepoort (South Africa), 1980, E.M. Nevill (VRID. 
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Figure 75. Musca (Eumusca) xanthomelgena: a, cephalopharyngeal skeleton from puparium; b, 
caudal segment of puparium (lateral view); c, same (ventral view); d, same (posterior view); e, anal 
spiracles of puparium; M. (E.) sp. nr. xanthomelaena: f, caudal segment of puparium (lateral view); 
g, same (ventral view); h, cephalopharyngeal skeleton from puparium. (Scales: a, h 0.24 mm; b, c, 
d, f, g 0.61 mm; e 0.10 mm) (Orig.). 


Biology. A well-known member of the cow dung community, the adults of this fly 
are blood-feeders. 

Affinities. This species is a close relative of atetummnalis and amita. 

Distribution. Mainly Palaeotropical: South Africa to Cape Verde and Egypt, thence 
across southern Asia to Canton (China) and southeast to Java. 
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Musca (Lumusca) sp. near xanthomelaena (Kleynhans, 1969) 
(figure 75 f—h) 


Larva. Instar 3: according to Kleynhans (l.c.) chiefly distinguished from 
xanthomelaena in having a group of spines on abdominal segments 1-6 between the 
series of lateral muscle scars, a complete mesothoracic spine band, a less strongly 
forwardly deflected anal plate and prospiracular process with 7—10 lobes. 

Puparium. Very like xanthomelaena but spicules throughout more distinct on welts 
where they are sometimes more like the squamose spicules seen in aufummnalis. Anal 
plate more sharply defined than in xanthomelaena, with darker carinate edge and with 
anterior margin at most slightly deflected forwards (often not at all); 7-10 prospiracu- 
lar lobes. Length 5.33—6.80 mm. An.sp. 0.27—0.39 mm. Ceph.skel. (0.28; 0.13; 0.85)— 
(0.30; 0.14; 0.93) = 1.26—1.37 mm, AB = 0.051—0.057 (m = 251). (NB. About half 
the above puparia reddish-brown, remainder pale-brown to cream.) 

Material studied. 251 puparia, Onderstepoort (South Africa), from laboratory 
culture reared on cow dung, E.M. Nevill (VRI). 

Affinities. Extremely close to xanthomelaena. 

Distribution. Kleynhans’ material was collected in South Africa; not yet recognised 
from elsewhere. 


Musca (Eumusca) lusoria Wiedemann 
(figure 76 a—h) 


Larva. Instar 3: pale yellow, more whitish ventrally and towards extremities. Spine 
bands on meso- and metathoracic segments complete, with spicules of two forms, and 
similar bands extending over the dorsal surfaces of abdominal segments 1—3, 4 or 5, 
that on 4 or 5 narrower than preceding ones and sometimes broadly interrupted 
mediodorsally. Segment 5 or 6 without spicules above lower corner of pleural sclerite. 
Ventral abdominal welts distinct, the spicules here as elsewhere often mainly black- 
tipped and including much larger ones than those in dorsal bands. On segments 1—3 a 
group of small spicules usually present close to hind-margin on each side of the medio- 
ventral line. Caudal segment swollen as in xanthomelaena but with spicules much more 
restricted, these only present along hind-borders of anal plate from postanal region 
(where most extensive) thinning out laterally and barely reaching level of lower 
spiracular margin; 9--10 prospiracular lobes. Anal spiracles uniformally shiny black 
with highly tortuous slits, much more strongly than in xanthomelaena (12: 9-11: 10— 
12) (but see below under puparium) (after Kleynhans, 1969). Length up to 15 mm. 
An.sp. ca. 0.5 mm (according to Kleynhans’ figure). 

Puparium. White with spicules concolorous to black-tipped over dorsal surfaces of 
thoracic segments and abdominal segments 1—2, 3 or 4; on succeeding segments 
spicules only below lower corner of pleural sclerites. Ventral abdominal welts 1—6 
with about 2 irregular rows of larger blunt spicules preceded by a row of smaller ones 
and followed by a similar row. Pre-anal welt with about 8 close-set rows medioventrally. 
Caudal segment with spicules restricted to the postanal region, extending upwards 
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Figure 76. Musca (Eumusca) lusoria: a, cephalopharyngeal skeleton from puparium; b, posterior 
end of puparium (ventral view of right side only); c, detail of spiculation on ventral abdominal welt 
4 of puparium (right margin of figure corresponds with the medioventral line); d, same, more 
highly magnified; e, caudal segment of puparium (lateral view); f, same (posterior vicw); g, anal 
spiracles of puparium showing also respiratory slits of 2 further specimens; h, anal spiracle of 
specimen labelled M. spinohumera Awati (McM); M. (E.) fergusoni: i, posterior end of puparium 
(lateral view); j, same (posterior view); k anal spiracle of puparium, (Scales: a, c, g, hh 0.24 mm; b, e, 
f, i,j 0.61 mm; d 0.10 mm; k 0.20 mm) (Orig.). 
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along hind-edge of anal plate to below the level of the lower spiracular margin. Anal 
plate barely to moderately reflexed in upper part. Subanals small but distinct; 9-11 
prospiracular lobes. Anal spiracles shining black with very variably tortuous slits 
(7-14; 5-15; 5—13). 

Cephalopharyngeal skeleton with left mh shorter and straighter than right and 
closely adpressed. Length. 6.06—8.40mm. An.sp. 0.36—0.46 mm. Ceph.skel. (0.37; 
0.12; 1.12)--(0.40; 0.13; 1.20) = 1.58—1.71 mm. AB = 0.055—0.059 (n = 28). 

Material studied. 26, 1? with puparia, from laboratory culture, Onderstepoort 
(South Africa), 1980, E.M. Nevill (VRI); 16 puparia without locality; 36, 2? with 
puparia, Pusa, Bihar (India), vi.1932, ex cow dung, coll. Bhatia; 4 puparia without 
locality, Patton coll. (McM). 

Biology. A familiar member of the cow dung community in the Old World tropics, 
the female of which deposits late first instar larvae (Cuthbertson, 1933, 1938). 

Affinities. In larval morphology /usoria differs markedly from xanthomelaena and 
its allies in sg. Eumusca, having more in common with sg. Viviparomusca. 

Distribution. Mainly Palaeotropical, extending into S. Palaearctic: Cape Town 
(South Africa) northwards throughout entire Afrotropical Region and through Near 
East into the Indian subregion. 


Musca (Eumusca) fergusoni Johnston & Bancroft 
(figure 76 i—k) 


Ovum, Uterine egg similar to vetustissima but with plastron craters restricted to 
distal end only. Length 2.1—2.6 mm (Ferrar, 1975). 

Larva. Instar 1: body devoid of dark spicules; cephalopharyngeal skeleton of typical 
Musca-type. Length of body 2.7 -4.3 mm. Instar 2: body devoid of dark spicules. Anal 
plate ascending midway up sides of caudal segment and without papillae behind; 
About 13 prospiracular lobes. Anal spiracles with 2 tortuous slits (5:5). Cephalo- 
pharyngeal skeleton with pc longer than in vetustissima but with mh and hs relatively 
shorter. Length 4.6—8.8 mm. Instar 3: dirty-whitish without dark spicules; about 12 
prospiracular lobes. Anal apiracles with strongly tortuous slits (7—9:6—7:9—14). 
Cephalopharyngeal skeleton with mh almost symmetrical. Length 8.0-12.0mm 
(Ferrar, 1979a). 

Puparium, Whitish-ochreous, matt, with dark cuticular knots along all segmental 
boundaries and encircling pleural sclerites, anal plate and along dorsal grooves of 
caudal segment. Ventral abdominal welts clearly and broadly spiculate, the spicules 
clearly of 2 sizes. The larger spicules on welts |—8 in transverse rows, about 3--5 on 
anterior face and 3—5 on posterior face of each welt, the 2 groups narrowly separated 
(often only faintly) by a narrow transverse region devoid of spicules along the crest of 
the welt. Behind these rows of larger spicules, and extending over dorsal surface of 
abdominal segment 1 and entirely encircling meso- and metathorax, are rows of tiny 
spicules arrayed in short arcuate rows; on the abdominal segments, behind the welts 
are about 1—4 such rows, but on thoracic segments and on abdominal segment 1 
dorsally there are up to 8 such rows, Anal plate large and clearly defined, but not as 


261 


large as in some related species, not ascending to level of lower spiracular edge; 
anterior margin at most only slightly deflected (more often quite straight). Pre-anal 
welt with 5—8 rows of larger spicules and a similar number in postanal region, but 
otherwise caudal segment devoid of spicules; 12—15 prospiracular lobes. Anal spiracles 
large, separated by half the width of one, slits strongly tortuous (7—8; 6—7; 7—9). 
Pupal horns absent. Length 5.9-7.5mm. An.sp. 0.35—0.40mm. Ceph.skel. (0.33; 
0.15; 1.10)—(0.35; 0.16; 1.20) = 1.42—-1.56 mm. AB = 0.053—0.059 (n = 13). 

Material studied. Australia: 1d with puparium, Brock’s Creek, N.T., i33, T. 
Campbell; 12 with puparium, Ayr, 1.xi.68, under cow dung; 19 with puparium, 
Ingham, 31.x.68, bred from cow dung, P. Ferrar; 1 puparium, Townsville, Queensland, 
G.E. Hill; 9 puparia from laboratory colony from flies coll. Casino, New South Wales, 
iv.73, P. Ferrar (ANIC). 

Biology. The biology is fully discussed by Ferrar (1979a) who states that the female 
deposits a single late first instar larva at a time, usually followed by the empty chorion, 
and he describes the structure of the ovaries and process of ovulation. Sometimes com- 
plete eggs are laid but these are infertile. Pupariation occurs in the dung and the life 
cycle takes from 57 days (at 16°C) — 10 days (at 32°C). Ferrar estimated by graphical 
extrapolation of the rates of development that the threshold temperature for this species 
is about 12°C, and he found that at 10°C larval growtin was very slow and none reached 
pupariation. For extensive description of biology and parasites see Pont (1973a). 

Affinities. Pont observes that this is the only species of sg. Lumusca occurring in 
Australasia. Like lusoria, this species has more in common with sg. Viviparomusca 
according to the morphology of immature stages and biology. 

Distribution. Australasia: Papua New Guinea to northern New South Wales and 
Broome (Western Australia), but mainly in north Queensland (Pont, 1973a). 


Musca (Eumusca) aethiops Stein 
(figure 77a—g) 


Puparium. White with huge though ill-defined anal plate, massive black anal 
spiracles, and body extensively clothed with spines, these finest and most sparse away 
from segmental marginal areas, coarsest on the caudal segment where they are much 
larger than elsewhere and are strongly curved and black in the apical half. Ventral 
abdominal welts not differentiated, the whole of the ventral surface being covered in 
fine brown-tipped spines which are much denser than the very large black-tipped ones 
on the caudal segment. The only parts of the caudal segment which are spineless are 
the actual anal plate itself and the perispiracular field, the outer periphery of which is 
marked by 6 pairs of foliate triangular processes. A further pair of these processes is 
situated between the lowermost perispiracular pair and the postanal region. The 
enlarged spines on the caudal segment have their bases contiguous and produce a 
coarsely reticulate pattern to the integument. Anal spiracles very large, shining black 
with highly tortuous respiratory slits (13-20; 11-16; 9-15). 

Cephalopharyngeal skeleton without sclerotised of Length 6.1—6.2mm. An.sp. 
0.44 mm. Ph 0.98 mm. AB = 0.071—0.072 (n = 2). 
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Figure 77. Musca (Eumusca) aethiops: a, pharyngeal sclerite from puparium,; b, puparium (lateral 
view) (thoracic spiculation not shown); c, caudal segment of puparium (posterior view); d, same 
(ventral view); e, detail of spicules in region of anal plate; f, detail of spiculation around upper 
margins of anal plate; g. anal spiracles of puparium. (Scales: a, f, g 0.24mm; b, c, d 0.61 mm;e 
0.02 mm) (Orig.). 


Material studied. 1d, 1? with puparia, Doane (South Africa), 4.vi. 25, H.K. Munro, 
Patton Coll. (BMNH). 

Biology. Cuthbertson (1938) reared this from cattle dung in October 1937 near 
Salisbury (Zimbabwe) and he records both sexes at honeydew and around the eyes of 
cattle and mules. He found males only visiting flowers. 
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Affinities. Long known as gabonesis, this is a very aberrant Musca according to the 
structure of the puparium. Whilst clearly related to sg. Fumusca and sg. Viviparomusca 
it stands apart from others so far examined in having an unusually dense and extensive 
spinose vestiture, large triangular perispiracular lobes and in lacking an ol. 
Distribution. According to Pont (1980) widely distributed throughout Afrotropical 
Region. 


Subgenus Viviparomusca Townsend 


Musca (Viviparomusca) larvipara Portchinsky 
(figure 78 a—d) 


Ovum, Very similar to domestica, lacking the median respiratory horn of Eumusea. 

Larva. Instar 3: according to Zimin (1948) readily distinguished from the otherwise 
very similar larva of autumnalis by the much less extensively spiculate caudal segment; 
in darvipara the spinose band along the hind-margin of the anal plate is restricted to the 
lower half, whilst in auturnnalis it extends around the upper edge of the plate also; 
10—12 prospiracular lobes. Anal spiracular slits much more tortuous than in autumnalis 
(12-14; 9; 9). 

Cephalopharyngeal skeleton very like autumnalis but mh relatively longer. 

Biology. Zimin (1951) noted that whilst larvipara normally laid advanced first 
instar larvae, second instar ones were occasionally deposited; more rarely eggs were 
laid but these failed to hatch. At 28-38°C he found that the larvae reached the 
puparial stage 2—4 days after being deposited, whilst the puparial stage lasted 7-8 
days at 30--31°C or 4 days at 33°C. In less favourable conditions emergence of adults 
may be delayed up to 15 -20 days. The normal pabulum is cow dung in which medium 
Zimin found that the larvae, in more southerly parts of the U.S.S.R., were often 
dominant in June and July and again in late August and early September. Rubio 
(1978) states that in Salamanca, Spain puparia occur throughout the year, adults from 
March to September and larvae from May to October. 

Adult habits closely resemble autumnalis. M. larvipara also acts as the intermediate 
host of Thelazia rhodesi Desmarest (Klesov, 1949, 1950) and gulosa Raillet & Henry 
(in Krastin, 1952). Greenberg (1971) refers to larvipara as a communicative symbovine. 

Distribution. Palaearctic: Spain (Peris & Llorente, 1962) to Poland (Draber-Monko, 
1966a) and Leningrad castwards to Afghanistan and Mongolia (Hennig, 1964). 


Musca (Viviparomusca) formosana Malloch 
(figure 78 e—i) 


Puparium. Pale ochreous-whitish, opaque and matt, with very conspicuous spicular 
welts on meso- and metathorax and abdominal segments 1—7, but not extending onto 
dorsal surface of segment 7. Thoracic segments with about 8 rows of small and small- 
medium spicules, less uniform ventrally than dorsally. Ventral abdominal welts 1—7 on 





Figure 78. Musca (Viviparomusca) larvipara: a, cephalopharyngeal skeleton of mature larva; b, 
caudal segment of mature larva (lateral view); c, same (posterior view); d, anal spiracle of mature 
larva; M. (V.) formosana: e, cephalopharyngeal skeleton from puparium; f, puparium (lateral view) 
(frontal caps missing); g, detail of spiculation on anterior spine band of abdominal segment 4 
(mediodorsal region); h, detail of spiculation on ventral abdominal welt 4; i, anal spiracle of 
puparium, showing respiratory slits of another example (Scales: e 0.20mm; f 1.40 mm, g, h 0.50 
mm;i 0.10 mm) (a—d after Zimin, 1951, rest orig.). 


each side of medioventral line with 2—3 rows of large, black cylindrical spicules (about 
0.04—0.07 mm long) which terminate about the level of the lower corner of the 
pleural sclerites, preceded and succeeded by 1--4 rows of much smaller ones. On 
lateral and dorsal surfaces there are small spicules only (about 7—8 rows mediodorsally 
on abdominal segment 1, about 2 rows on segment 6). Pre-anai welt with a few rows of 
dark-tipped spicules reducing laterally and terminating about the point of deflection of 
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the anal plate. In postanal region a similar group of dark-tipped spicules (about 5 rows 
medioventrally, measuring about 0.02 mm long). These ascend along the hind-margins 
of the anal plate to about the same level as those on the pre-anal welt. Dorsal surface 
of abdominal segment 8 without spicules. Anal plate very sharply outlined in black. 
Anal spiracles separated by about a quarter the width of one (18-20; 9-11; 12-16); 
9—12 prospiracular lobes. 

Cephalopharyngeal skeleton as in related species. Length 7.7—8.6mm. An.sp. 
0.51—0.65 mm. Ceph. skel. (0.56; 0.22; 1.6) = 2.38 mm. AB = 0.066—0.075 (# = 6). 

Material studied. 2¢ with puparia, Pusa, Bihar (India), 13.vi. 32 ex cow dung, 
Bhatia coll., (McM); 2d, 19 with 4 puparia, Kuala Lumpur (Malaysia), 15.vii.39, ex 
cow dung in open field, A.G. Pillar (BMNH). 

Distribution. Oriental; Nepal to Sri Lanka, Malaysia and Taiwan. 


Musca (Viviparomusca) bezzii Patton & Cragg 
(figure 79 a—f) 


Larva, Instar 1: Thomson’s (1947) figure of the cephalopharyngeal skeleton of the 
newly-deposited larva strongly resembles Ferrar’s (1979a) figure of vetustissima but is 
unusual in possessing an accessory linear dorsal sclerite above the /¢. Thomson’s figure 
of the anal spiracles of the newly deposited larva probably refers to a second instar one 
since there are 2 strongly tortuous respiratory slits and the scar of the first instar 
spiracle. Instar 2: Thomson’s (1947) figure of the cephalopharyngeal skeleton most 
closely approaches fergusoni (figure by Ferrar, |.c.) in the proportions of the ph, the 
small As and the ds. 

Puparium. Pale creamy-yellow, matt, opaque, with conspicuous spicular bands 
which, on the ventral abdominal welts and on lateral and dorsal surfaces of abdominal 
segments 1 to 3, 4, or 5 often consists of predominantly black-tipped spicules. 
Ventraily the welts comprise 2—3 rows of large ones, with 1—3 rows of small ones 
before and a similar row behind; beyond this last row yet another one of much smaller 
serrations is present on some welts. medioventrally there is a break in the rows of 
larger spicules and laterally these end about the lower corner of the pleural sclerite 
(when visible). Hind-margins of abdominal segments with a small group of 2—3 rows of 
medium-sized spicules to each side of medioventral line. On abdominal segments | —2, 
3 or 4 the spicule bands extend over the dorsal surface but only small to medium-sized 
teeth are present, followed by a few irregular groups of arcuate serrate rows. Pre-anal 
welt with about 5 rows of pallid spicules medially, decreasing laterally to a single row 
at the level of the deflection of the anal plate. Postanal region with a few scattered 
spicules along the hind-margin of the huge anal plate, to about the level of the 
rectangular anterior deflection. Dorsal surface of caudal segment devoid of spicules. 
Subanal papillae distinct; 12 prospiracular lobes. Anal spiracles massive, black, 
separated by about a quarter the width of one, with highly tortuous slits (13-21; 6— 
13; 8 -18). Pupal horns very short, black. Length 6.42—7.6 mm. An.sp.0.49--0.68mm. 
Ceph.skel. (0.45; 0.20; 1.04)—(0.55; 0.25; 1.29) = 1.65—2.00mm. AB = 0.076— 
0.090 (# = 24). 
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Figure 79, Musca (Viviparomusca) bezziti: a, cephalopharyngeal skeleton from puparium; b antero- 
ventral view of front end of pharyngeal sclerites; c, detail of spiculation on mid-anterodorsal part 
of abdominal segment 2; d detail of spiculation on ventral abdominal welt 2; e caudal segment of 
puparium (lateral view); f, anal spiracle of puparium; M. (V.) convexifrons: g, detail of spiculation 
on ventral abdominal welt 4; h, caudal segment of puparium (posterior view); i, same (Lateral view); 
j, anal spiracles of puparium showing (right) respiratory slits of another specimen. (Scales: a 0.20 
mm; c¢, d, f 0.10 mm; e 0.78 mm; g, j 0.24 mm; h 0.40 mm; i 0.61 mm) (Orig.). 
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Material studied. 2 puparia, Coonoor, Tamil Nadu (India); 1 mature larva and | 
puparium, ‘S. India’, ex Patton coll.; 26 with puparia, Kuala Lumpur (Malaysia), 
15.vii.39, ex cow dung in open field, A.G. Pillar (BMNH); 146, 59 with puparia, 
Coonoor, Tamil Nadu (India), vii. and x.20, 11.x.21, Patton coll.; 1¢ Peking (China), 
ex cow dung, Patton coll. (McM). 

Biology. This species has only been recorded breeding in cow dung (Patton & Cragg, 
1913; Thomson, l.c.; Park, 1977). The female deposits a late first instar larva 
(Thomson). - 

Distribution. Oriental: southern India to Malaysia, northwards to South Korea and 
Japan. 


Musca (Viviparomusca) convexifrons Thomson (gibsoni Patton & Cragg) 
(figure 79 g—j) 


Puparium. Dirty ochreous, pale brownish or greyish-cream, very like hervei. 
Thoracic and abdominal segments 1—5 or 6 with complete anterior spine bands, the 
metathoracic one having about 6 transverse rows of serrations dorsally, the last 
complete one on abdominal segment 6 (or 5) with 2 -4 rows dorsally. Ventral 
abdominal welts conspicuously spiculate, with the larger spicules more sparse, or 
interrupted medioventrally. Pre-anal welt with about 4 rows of spicules. Anal plate 
more acutely indented on front margin than in Aervei and upper margin usually more 
strongly sloping. Caudal segment much more extensively spiculate than in hervei, 
conspicuously so along upper edge of anal plate and along the dorsal grooves. 6 pairs 
of slight but sometimes distinct peripheral tubercles encircling pcrispiracular field; 9 
prospiracular lobes. Anal spiracles separated by about half diameter of one, slits 
variably tortuous (7—9; 7-8; 11-13). Length 4.90—6.50 mm. An.sp. 0.32—0.40 mm. 
Ceph.skel. (0.39; 0.16; 1.05)—(0.40; 0.17; 1.07) = 1.58—1.60 mm. AB = 0.59—0.65 
(n = 19). 

Material studied. 8d, 62 with puparia, Coonoor, Tamil Nadu (India), 8.x.20, bred 
from cow dung, Patton coll. (McM); 3 puparia from same locality, 1d, 1? with puparia, 
Kuala Lumpur (Malaysia), 1.viii.39, in cow dung in cattle shed, A.G. Pillar (BMNH). 

Biology. The larvae are deposited in fresh cow dung about the time of their first 
ecdysis and their development is rapid. The adults are blood-fecders. 

Affinities. This species is not the same as that described by Fan (1957) as 
convexifrons, which may actually be bezzii (or even formosana). The Patton specimens 
from McM are also unusual, the adults being consistently small for convexifrons and the 
eyes conspicuously hairy in the male, less so in the female. In convexifrons the supra- 
squamal ridge is setulose throughout and Ryy5 is setulose to beyond fa, whilst the 
male abdomen is almost entirely orange. The puparia, however, unlike any sg. Vivi- 
paromusca studied or figured so far have the caudal segment unusually strongly 
spiculate dorsally and the anal spiracular slits less convoluted than normal in this 
subgenus. 

Distribution. Oriental: India to Ryukyu Islands to Borneo. 
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Musca (Viviparomusca) bakeri Patton & Cragg 
(figure 80 a—i) 


Puparium, Pale brownish-yellow, slightly shining and transversely wrinkled, with 
conspicuous spicular bands on ventral abdominal welts and on lateral and dorsal 
surfaces of abdominal segments 1—5S. Ventral abdominal welts 2—7 with 2 rows of 
larger black-tipped spicules on either side of the medioventral line extending to lower 
corner of pleural sclerites (when visible). These are followed and preceded by 1—4 
rows of distinctly smaller ones and a posterior row of very tiny ones arranged in short 
serrate rows. By the hind-margins of abdominal segments 1—6 is a group comprising of 
about 2—4 irregular rows of medium-sized blunt spicules to each side of the medio- 
ventral line. Meso- and metathoracic segments with about 5—6 rows of larger spicules 
followed by 2—4 rows of tiny ones arranged in short serrate rows. On thoracic 
segments and on abdominal segments 1-5 the smaller spicules extend over the dorsal 
surface where the tiny serrate rows also become more numerous (up to about 3—4 
rows). Pre-anal welt with about 4 rows of rather rounded spicules preceded by a row 
of short serrate teeth and terminating in a few odd spicules at about the level of the 
deflection of the anal plate. Behind the very large and conspicuous anal plate a region 
of postanal spicules, about 7 rows medioventrally but diminishing to about 4 rows at 
level of deflection of anal plate, and not extending higher. Subanal papillae distinct. 
Dorsal surface of abdominal segment 8 without spicules. About 11 prospiracular lobes. 
Anal spiracles separated by about a quarter to a third the width of one (15:9—12:10— 
13). 

Cephalopharyngeal skeleton as in related species. Length 6.9—7.7mm. An.sp. 
0.54-0.56mm. Ceph.skel. (0.42; 0.20; 1.3—1.4) = 1.90-2.02 mm. AB = 0.072— 
0.078 (” = 2). 

Material studied. 2 puparia, Kuala Lumpur (Malaysia), 15.vii.39, from cow dung in 
open field, A.G. Pillar (BMNH). 

Distribution. Oriental: Kashmir to Madras (India) and Malaysia. 


Musca (Viviparomusca) gabonensis Macquart 


Puparium. Very like bezzii in all details. Abdominal segments 6 and 7 without 
spicules on dorsal surface and caudal segment with spicules restricted to postanal area. 
Length about 7.65 mm (a = 1). 

Material studied. 1d with puparium (incomplete) (Malawi), 12.11.32, em. 15.ii32, 
ex cow dung, W.A. Lamborn (BMNR). 

Distribution. Afrotropical: South Africa to Cameroon and Uganda. 


Musca (Viviparomusca) alpesa Walker 
(figure 80 j, k) 


Puparium. Pale brownish-white, matt. Ventral abdominal welts 2—7 with 2 rather 
regular rows of large dark spicules, with a few somewhat smaller ones intermixed, 
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Figure 80. Musca (Viviparomusca) bakeri: a, cephalopharyngeal skeleton from puparium; b, oral 
and hypopharyngeal sclerites (lateral view); c, same (ventral view); d, same dorsal view) (note that 
in these last three figures the bascs of the oral grooves are shown); e, puparium (lateral view) 
(frontal caps missing); f, detail of spiculation on mid-anterodorsal part of abdominal segment 3 of 
puparium; g, detail of spiculation on ventral abdominal welt 3 of puparium; h, caudal segment of 
puparium (posterior view); i, anal spiracle of puparium, showing also respiratory slits of another 
specimen, M. (V.) alpesa: j, caudal segment of puparium (posterior view); k, anal spiracle of 
puparium. (Scales: a 0.20 mm; b,c, d, f, g, i, k 0.10 mm; e, h,j 0.78 mm) (Orig.). 
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almost ascending latcrally to level of deflection of anal plate. Complete anterior spine 
bands comprising very tiny rows of serrations on abdominal segments |—4. Pre-anal 
welt with about 3 medioventral rows of pallid scutes which thin out laterally long 
before level of deflection of anal plate. Anal spiracles with slits highly tortuous. 
Length about 8.00 mm (front caps missing) An.sp 0.54 mm (” = 1). 

Material studied. 1d with puparium, Karonga (Malawi), 19, off old cow dung, Dr 
W.A. Lamborn (BMNH). 

Distribution. Afrotropical: South Africa to Sierra Leone, Zaire and Zambia. 


Subgenus Ptilolepis Bezzi 
Musca (Ptilolepis) inferior Stein 


Ovum. Similar to autumnalis, having long narrow respiratory horn about one third 
as long as egg. Described and figured by Thomson (1947). 

Larva. Instar 1: cephalopharyngeal skeleton with da as long as mh (according to 
Thomson’s figure). Instar 2: cephalopharyngeal skeleton with very slender ds and hs 
(according to Thomson’s figure). 

Biology. Recorded from cow dung (Thomson). 

Affinities. | have not seen the larva or puparium of this species, the only member 
of the subgenus, tut the structure of the egg suggests that it is closely related to sg. 
Eumusca. 

Distribution. Oriental, Australasian: Nepal to Sri Lanka, Papua New Guinea, 
Philippines and Taiwan. 


Subfamily STOMOXYINAE 
(figures 81—84) 


Ova. Musca-type, resembling Polietes in the long very narrow aeropyles of the 
median chorionic layer. Length 0.85—1.70 mm (Hinton, 1960). 

Larvae. Trimorphic saprophagous. Instar 1: cephalopharyngeal skeleton with 
strongly sinuate pas (in lateral view). Instar 2: 3—6 prospiracular lobes. Cephalo- 
pharyngeal skeleton with zh absent (or at least unsclerotised) and very conspicuous 
nes. Instar 3: 3-7 prospiracular lobes. Anal spiracular slits serpentine to tortuous, scar 
median or central. 

Cephalopharyngeal skeleton with mh extremely asymmetrical, strong mac, aco 
always absent, ds separate; o/ absent and dorsal tooth on pre absent or vestigial. 
Tength up to 11 mm. 

Puparia. Characterised, apart from larval features given above, by the diagonal 
ridges on the ventral abdominal welts. Length 2.24-—-6.75 mm. An.sp. 0.10—0.15 mm. 
Ceph.skel. 0.82—1.56mm. AB = 0.016-—0.050. 
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Biology. Most species breed in mammalian excrement but S. calcitrans is much 
more catholic, requiring only a high degree of bacterial fermentation. All known 
species suck mammalian blood and several species are consequently of economic or 
veterinary importance. 

Affinities. Hennig (1965) challenged the widely held view that Stomoxyinae and 
Muscinae are related, and considered that the Stomoxyinae might be closest to the 
Glossinidae and Hippoboscidae. Whilst there may be some adaptive morphological 
convergence in the structure of the adult proboscis between stomoxyines and these 
other groups, every other aspect of stomoxyine structure supports the more traditional 
view, and the remarkable muscine Pyrellia tasmaniae in fact combines the larval 
morphology of the Stomoxyinae with the adult structure of the Muscinae. Unlike the 
Muscinae, however, all known stomoxyine larvae lack a strong dorsal tooth on the pve 
(most distinct in Rhinomusca dutoiti) in the third instar, sclerotised mh in the second 
instar and have sinuate pas in the first instar; the adults all have rigid picrcing probosces 
and both sexes are obligative haematophages; the females have only 2 spermathecae. 

Zumpt (1973) reviews the world species of this subfamily and provides much 
valuable data on their biology, habits, economic significance and control. 

Zimin’s (1951) inclusion of Graphomya and Acridomyia in the Stomoxyini is hard 
to understand: Graphomya is a coenosiine and Acridomyia an anthomyid. 

Distribution. Mainly Palaeotropical, but with one small genus (Veivamyia) endemic 
to the Neotropical Region and one to the Holarctic (Haematobosca). Stomoxys 
calcitrans has become almost cosmopolitan through commerce. The largest number of 
species (about 32) occurs in the Afrotropical Region. 


Genus Stomoxys Geoffroy 


Stomoxys calcitrans (Linnaeus) 
(figure 81) 


Ovum, Dorsal area between hatching pleats about a quarter as wide as egg and with 
indistinct surface reticulations (Kano 1953). Hinton (1960) found that the outer 
surface of the chorion is not raised above the hexagonal canals of the inner meshwork 
layer and hence the reticulate pattern formed by these canals is not evident on the 
outer surface. Length 0.9—1.0 mm. Hinton and Kano both give a smaller size range for 
calcitrans than for Haematobia irritans, whilst Ferrar (1979a) gives 1.1—-1.3 mm for 
the former and 1.2 mm for H. exigua. 

Larva. Instar 1: thoracic segments with complete anterior spicular bands but only 
ventrally and laterally on abdominal segments, and all spicules pallid; anal plate 
protuberant with minute postanal and subanal papillae. Ph weakly sclerotised. Length 
1.5—2.5 mm (Kano, Ferrar). Instar 2: similar externally to previous instar but with 
4—6 prospiracular lobes. Length 2.6—4.4 mm (Ferrar). Instar 3: externally similar to 
previous instars but with 5--6 prospiracular lobes. Anal spiracles rounded-triangular, 
separated by about 1.5 times width of one, blackish with central scar surrounded by 
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Figure 81, Stomoxys calcitrans: a, cephalopharyngeal skeleton from puparium, b, puparium 
showing ventral (eft) and dorsal view (right); c, detail of spiculation on ventral abdominal welt 4; 
d, caudal segment of puparium (ventral view of right side only); e, anal spiracles of puparium. 
(Scales: a 0.24 mm; b 1.0mm;c 0.50 mm;d 0.40 mm; e 0.20 mm) (Orig.). 


yellowish serpentine slits. See also Thomson (1937), Zimin (1948), Bohart & Gressitt 
(1951). 

Cephalopharyngeal skeleton with extremely acute at and very short pdc. Length 
4.8—-11.5 mm, 

Puparium. Light-red to blackish, matt shining, transverse striate. Ventral abdominal 
welts 3—7 with diagonal bars evenly spaced and medioventrally broken into 3—5 
irregular rows of rounded spicules followed by 2—3 minutely serrate rows. Pre-anal 
welt with about 6 rows of rounded spicules often appearing densely squamulose. Anal 
plate very strongly transverse with wide, coarsely spiculate area behind. Caudal seg- 
ment sometimes densely shagreened to minutely rugose and duller than preceding 
segments; 5-6 prospiracular lobes. Anal spiracles shiny black, subtriangular, separated 
by 1.5—3 times the width of one, with central scar bounded on three sides by yellow 
serpentine slits. Pupal horns darkened basally. See also Bohart & Gressitt (1951). 
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Length 4.24-6.75mm. An.sp. 0.15—0.20mm. Ceph.skel. (0.22; 0.15; 0.97)-(0.23; 
0.16; 1.01) = 1.32—1.38 mm. AB = 0.030—-0.035 (n = 50). 

Material studied. 28 puparia, Norfolk Island, 13--25.v.72, Dyce, Standfast & Ferrar; 
1? with puparium, Abbatoirs, A.C.T. (Australia), ii.57, ex old gut contents (ANIC); 
49 with 7 puparia, (Guam), 21—26.vii.45, coll. Bohart & Gressitt (CAS); 1 puparium 
from Hen Domen archaeological excavation, Powys (Wales), J. Greig (DoE); 1 pu- 
parium, Clifton, South Yorkshire, 24.v.77, from manure heap, P. Skidmore; 6 puparia, 
Sandwich, Kent (England), ix.63, P. Skidmore (MAGD). NB. The Norfolk Island series 
were very small (4.24—5.00 mm). 

Biology. There is an extensive literature on this important species and the reader 
is referred to Portchinsky (1910, 1911), Zimin (1951), Hammer (1941), Pont (1973a), 
Zumpt (1973) and Hardy (1981) for further details, and especially Greenberg (1971). 
The following is a brief synopsis. 

According to Thomson (1937) about 20 eggs are laid at a time in fissures on the 
surfaces of silage or manure heaps etc. Newstead (1906) found the total laid at any 
time however to reach 72 whilst a figure of 94 was given by Mitzmain (1913). This 
probably refers to the total number mature at a given time rather than the total 
deposited in a single location; a fly with ovarioles full of mature eggs, numbering about 
90, would lay these in several batches of upwards of 20. Mitzmain estimated that one 
female may produce up to 632 eggs, which implies 7 ovarian cycles, but Parr (1962) 
gives a figure of only 376. Bishopp (1913) found that between the deposition of each 
batch a female required 2 meals of mammalian blood. 

Eggs hatch after some 20—80 hours, and the first instar larvae migrate to the softer 
interior of the heap where the requisite higher temperatures and humidities are found. 
Thomsen & Thomsen (1937) give an optimum range of 23—30°C but higher tempera- 
tures appear not to be harmful for I have repeatedly found large populations of larvae 
in steaming or smouldering manure and silage heaps, where very high temperatures are 
maintained artificially by bacterial and fungal metabolism. Under such conditions 
the larval stage may take only 8 days (at 26°C and 80% RH according to Parr, 1962). 
Less favourable but sublethal conditions extend the larval stage to as much as 78 days 
(Newstead). Ferrar (1979a) refers to the highly characteristic rapid movements of 
calcitrans larvae and their peculiar habit of feigning death by a catalepsis-like process. 

When ready to pupariate the larvae migrate to drier areas of the pabulum. The 
puparial stage may last as little as 2 days (at 26°C and 80% RH according to Parr, l.c.), 
but more frequently upwards of a week; Thomson found the range in southern Scotland 
to be 5—30 days. 

The larvae have many enemies. Portchinsky found that among their main enemies 
were the larvae of Myospila meditabunda, Muscina stabulans and Hydrotaea dentipes, 
and he recorded local eradication of Stomoxys and Musca domestica by one or other 
of these predators. 1 found some evidence of such a phenomenon in the 12th century 
at Hen Domen in Powys (Wales) where archaeologists had excavated the refuse tip for 
the castle. Two immediately contiguous horizons contained masses of puparia, the 
lower one comprising Musca and Stomoxys, the upper only Hydrotaea dentipes. S. 
calcitrans larvae are also heavily parasitised by many Eulophids, Pteromalids, 
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Braconids, Ichneumonids, Figitids, Eucoilids and Diapriids (Greenberg), and are 
preyed on by many Staphylinid and Histerid beetles. 

When the adult emerges from the puparium the proboscis is soft and is held 
between the fore-coxae, but as the cuticle hardens it is gradually swung forwards until, 
an hour after emergence, it is in its definitive position. As soon as 6 hours after 
emergence, according to Mitzmain (l.c.) it can take a blood meal. Both sexes are blood- 
feeders, taking up to 25.8 mg of blood per meal, up to twice a day. Horse blood is said 
to be preferred, although blood of cattle is highly acceptable, whilst human blood is 
only taken when these domestic animals are not available. Bohart & Gressitt (1951) 
found that humans were the main focus of attention for Stomoxys after the invasion 
of Okinawa in 1945 and that they sometimes attacked just before rain. Apart from 
a wide range of mammals, calcitrans will also attack many birds and even reptiles 
(Greenberg). 

Hammer records nuptial swarming in this species and comments on the fly’s fond- 
ness for bright sunshine. Greenberg points out that apart from being highly heliophilic 
it is also a thermophile favouring temperatures of 18--37°C, so that as temperatures 
drop below 12°C; towards evening or in the autumn, it enters buildings where it will 
imbibe blood at any time of day or night, provided there is illumination. According to 
Bishopp (1913) adults live up to a maximum of 29 days and whilst females can mate 
a day after emergence most start laying after the tenth day. 

Some uncertainty surrounds the hibernation of this fly in temperate regions but 
the weight of evidence suggests that winter may be spent in either the larval or puparial 
state. It is still doubtful whether adults overwinter. 

S. calcitrans owes its enormous success to its high degree of adaptability. Many 
authors have noted that at least in temperate regions it very rarely breeds in dung 
lying in pastures; Ferrar found that the larvae were subject to dessication in such 
situations. Favoured sites include virtually any accumulations of decaying vegetable 
matter in which there is a high degree of bacterial activity, such as cess-pils, manure 
and silage heaps, refuse tips, compost heaps and masses of water plants beside lakes or 
waterways. 

The disease-carrying potential of this fly is surveyed by Greenberg who refers to the 
species as a serious communicative endophilous, thermophilic, heliophilic symbovine. 
Bohart & Gressitt however consider it is not such an important carrier of faecal 
pathogens as Musca domestica since it is less attracted either to human faeces or to 
table food, but its significance in the medical and veterinary fields is confirmed by 
Wilhelmi (1917), Séguy (1923), Thomsen (1938), Hennig (1964), Greenberg and 
others. It has been said to transmit many species of Trypanosoma, Streptococci, 
Spirochaeti, the Anthrax bacillus, species of Habronema etc. It is widely stated to be 
a secondary host of the blood parasite Heptazoon perniciosum, whilst in Brazil it 
carries the eggs of Dermatobia cyaneiventris. 

Affinities. Stomoxys is mainly an Afrotropical genus with about 25 species; 
calcitrans differs from other known species in the broad frons of both sexes. 

Distribution. Cosmopolitan: originally Palaearctic (Hennig, 1964) but now ranging 
from New Zealand, Tasmania, South Africa, Patagonia and Chile to central Scotland, 
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Lapland, Arkhangelsk, northern China, Japan and southern Alaska and Quebec. In 
temperate regions a strongly eusynanthropic symbovine. 


Stomoxys sitiens Rondani 


Biology. Zumpt (1973) reviews the literature on the biology of this fly, noting that 
it breeds mainly in bovine or equine dung mixed with straw and soaked in urine but 
will utilize decaying plants. It favours more cultivated semi-arid areas than calcitrans 
and its preferred hosts are donkeys and camels, less so horses, bovines, Ovidae and 
humans. The number of eggs laid ranges from about 250 at 30°C to 150 at 25°C. 

Distribution. Afrotropical-Oriental; Cape Province (South Africa) to Gambia and 
northern Egypt eastwards to southern China and Philippines. 


Stomoxys boueti Roubaud 


Biology. Roubaud (1911) studied the larval development of this species along with 
calcitrans and niger. He found they favoured soil impregnated with urine and dung of 
herbivores and that the optimum temperature was 25—28°C. Values above 35°C 
caused the larvae to become agitated and higher temperatures were lethal if maintained 
for long. The adults fed only in late afternoon, after the heat of the day and the 
species occurs mainly in forest areas. Zumpt (1973) records Buffalo as a host. 

Distribution. Afrotropical; Dahomey and Congo. 


Stomoxys pallidus Roubaud 

Biology. Zumpt (1973) states that this forest species attacks antelopes mainly, but 
that it has been reared from cow and hippopotamus dung. 

Distribution. Afrotropical; Malawi to Uganda and Sierra Leone. 
Stomoxys omega Newstead 

Biology. Zumpt (1973) says this has been collected from near water, where it has 
been recorded in abundance on buffalo. Roubaud (1911) found it to be a forest 
species. 

Distribution. Afrotropical; South Africa to Uganda and Dahomey. 


Stomoxys bengalensis Picard 


Biology. Zumpt (1973) says this is only known to affect cattle. 
Distribution. Oriental; northeast India to Hue (Vietnam) and Java ([ndonesia). 


Stomoxys uruma Shinonaga & Kano 


Biology. Zumpt (1973) states that the adults attack cattle and Water Buffalo. 
Distribution. Oriental; Ryukyu Islands to Assam and south India. 
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Stomoxys taeniatus Bigot 


Biology. Zumpt (1973) notes that this has only been recorded biting cattle. 
Distribution. Afrotropical; Cape Province (South Africa) to Sierra Leone and 
Ethiopia. 


Stomoxys indicus Picard 


Ovum. Very like calcitrans but dorsal area between pleats rather wider; about a 
third as wide as egg. Length 0.9 mm (Kano, 1953). 

Larva. Instar 1: ph more heavily sclerotised than in calcitrans. Instar 2: 3 prospir- 
acular lobes. Instar 3: 3 prospiracular lobes and anal spiracles separated by less than 
width of one and more strongly triangular than in calcitrans (Kano, 1953). 

Biology. Kano found that in summer the eggs hatch in about 3 days, a long time 
compared with the figures for other stomoxyines, and that the larvae breed in dung 
of cattle and horses. He took adults on pasturing horses and goats from May to 
September and at light in cowsheds. 

Distribution. Oriental and West Pacific: south India to southern Japan and Fiji. 


Stomoxys ochrosoma Speiser 


Biology. According to Thorpe (in Emden, 1951) the eggs are dropped on to columns 
of the Doryline army ant Anomma nigricans v. molestus, the workers of which carry 
them into their bivouacs where the development is completed. The adults are normal 
blood-feeders. 

Affinities. An aberrant Stomoxys differing from all other known species by the 
mainly yellow colour and the peculiar biology of the immature stages. 

Distribution. Afrotropical: known from Uganda, Tanzania and Zaire. 


Stomoxys niger Macquart 


Biology. The commonest African Stomoxys, avoiding only the driest areas, this is 
often the most troublesome bloodsucking fly affecting mainly bovines and equines. 
A full blood meal can sustain a fly for 4 days and reared females may oviposit 8 days 
after hatching. Eggs are laid singly or in masses up to 125 in bovine dung or compost, 
and larvae pupariate in the soil (Zumpt, 1973). In Mauritius where annual rainfall 
exceeds 60 inches, miger is a major pest of cattle in the warmer wet season when the 
sugarcane is cropped. Numbers then reach 200 flics per animal, but a great population 
decline occurs in the dry season when calcitrans numbers increase. In Mauritius, niger 
breeds mainly in sugarcane debris (Kunz & Monty, 1976). See also Greenberg (1971). 

Distribution. Afrotropical; South Africa to Canaries, Ethiopia and Mauritius. 


277 


Genus Rhinomusca Malloch 


Rhinomusca dutoiti Zumpt 
(figure 82a) 


Larva. Ansp. 0.24mm. Cephskel. (0.40; 0.30; 1.3)=2.00mm. An.sp. more 
rounded than in S. calcitrans scar discal, slits encircling, sepentine. Ceph.skel. with a 
very weak dorsal tooth on pvc (Zumpt 1950). Basal part of ms unusually elongate 
and shallow. 

Biology. Adults closely associated with White Rhinoceros; rarely they will suck 
blood of cattle. The only muscids found breeding in the dung of white rhinos (Zumpt, 
1973). The other described species, brucei Malloch from Kenya, is associated with the 
Black Rhinoceros, the flies especially congregate to feed around small sores. ‘They will 
feed reluctantly on human blood. The eggs are laid in accumulations of rhino drop- 
pings where the life cycle takes 17-20 days (Parsons & Sheldrick, in Zumpt, 1973). 

Affinities. Very closely related to Stomoxys but with both dorsal and ventral aristal 
hairs and longer palpi. The mature larva is the only known stomoxyine with a dorsal 
tooth on the pve, although a minute one. 

Zumpt regards Rhinomusca as the most primitive stomoxyine genus. 

Distribution. Afrotropical; only known from the Umfolosi Game Reserve, Natal 
(South Africa). 


Genus Bdellolarynx Austen 


Bdellolarynx sanguinolentus Austen (carabao (Bohart & Gressitt)) 
(figure 82 b—d) 


Ovum. Dark-brown; hatching pleats very fine, closely approximate and parallel 
except towards distal end where they abruptly diverge just before the micropyle; 
medially separated by about one sixth diameter of egg; outer surface with conspicuous 
hexagonal pattern. Length 1.2 mm (Kano, 1953). 

Larva. Instar 1: asin Haematobia irritans and exigua but without sclerotised spicules 
before hind-margins of abdominal segments 2—7 and with shorter pdc. Instar 2: 
similar to exigua but with longer prospiracular lobes. According to Kano’s figure there 
is a distinct sclerotised mh. Instar 3: 5—6 prospiracular lobes and anal spiracles D- 
shaped with median scar and tortuous slits. Length about 6 mm (Kano 1953, |.c.). See 
Kano (l.c.) and Ishijima (1967). 

Puparium. Orange-yellow, translucent, distinctly though not strongly shining, trans- 
verse striate, especially around segmental margins and on caudal segment where folds 
roughly enclose the perispiracular field. Integument very faintly to quite strongly 
though superficially microrugose with a mainly longitudinal component, at least on 
distal segments, sometimes distinctly longitudinally aciculated throughout. Ventral 
abdominal welts sometimes covered by whitish veils, but when exposed the spicular 
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Figure 82. Rhinomusca dutoit?: a, cephalopharyngeal skeleton of mature larva; Bdellolarynx 
sanguinolentus: b, cephalopharyngeal skeleton from puparium (sclerites spread apart to show 
relationship of parts); c, distal end of puparium (ventral view); d, anal spiracles of puparium. 
(Scales: b 0.10mm; c 0.24 mm, d 0.12 mm), (a after Zumpt, 1950, scale unavailable, rest orig.). 


arrangement very obscure. Distinct extra-anal papillae; 4—6 prospiracular lobes, longer 
than in irritans. Anal spiracles separated by about half the width of one, not exerted 
as in irritans, shining black with irregularly serpentine yellow slits; scar almost central. 
See also Bohart & Gressitt (1951). 

Cephalopharyngeal skeleton similar to Haematobosca stimulans. Length 3.70—- 
4.48 mm. An.sp. 0.10—-0.13 mm. Ceph.skel. (0.14; 0.08; 0.66)—(0.17; 0.10; 0.78) = 
0.85—1.03 mm. AB = 0.027—0.029 (a = 17). 

Material studied. 13 adults with puparia, Chinan (China), ix.25, ex cow dung; 1d 
with puparium, Pusa, Bihar (India), 4.xi.25, ex cow dung, Schaff coll., Patton Coll. 
(McM); 3 puparia, Asan (Guam), 9.vii.45, reared on cow dung, Bohart & Gressitt coll. 
(CAS). 

Biology. Bohart & Gressitt (1951) discuss this species under the name Siphona 
carabao, noting that the habits are similar to H. exigua but that it affects carabao, 
whilst exigua favours cattle. The flies gather on the belly and flanks of the animals and 
are only removed with difficulty. Mating occurs on patches of bare ground around the 
pasturing animals and eggs are laid in fresh droppings. The same authors regard this fly 
as a carrier of surra and hence of some veterinary importance. Patton and Kano found 
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the species on cattle and reared it from cow dung, whilst Mitter (1916) found that 
females lay 25—30 eggs at a time on that medium. 

Affinities. Specimens kindly loaned to me by the Californian Academy of Sciences 
which had been initially labelled as S. carabao had been determined by Zumpt in 1970 
as B. sanguinolentus. Bohart & Gressitt figure the larval mouthparts and anal spiracles 
and the puparium of carabao, noting that the anal spiracles of the latter are not raised 
above the perispiracular field, a feature also noted above. They also figure the egg, 
stating that it is only reticulate externally between the hatching pleats. The only 
known member of the genus, Hennig (1964) compares it with A stimudans, whilst the 
larval morphology shows it has considerable affinity with ¥.iritans. 

Distribution. Oriental: Sri Lanka to Nepal eastwards to Harbin (Manchuria), 
Kyushu (Japan), Guam and Lombok. 


Genus Haematobosca Bezzi 


Haematobosca stimulans (Meigen) 
(figure 83a—e) 


Ovum. Aeropyles of median chorionic layer of 2 widths, those above enlarged 
hexagonal canals of inner layer being about 5 times as broad as the others; outer surface 
strongly raised above the hexagonal canals. Ovum very like Haematobia but larger. 
Length 1.5 mm (Hinton, 1960). 

Larva, \nstar 3: head with unusually deep median ventral groove and thus anterior 
lobes strikingly prominent. Proximal segments of body characteristically strongly 
attenuated, and ventral abdominal welts as in calcitrans; 7 prospiracular lobes. Anal 
spiracles separated by 1.5—2 times width of one. Length up to 10 mm. 

Puparium, Larger and more elongate than in H. irritans but similarly dulled by 
finely rugosely sculptured surface. Ventral abdominal welts conspicuous though the 
blunt spicules sometimes very ill defined. Anal plate strongly rugose, surrounded by a 
broad belt of very irregular coarse spicules. Subanal papillac sometimes distinct; 7 
prospiracular lobes. Anal spiracles small, separated by about twice width of one, black, 
subtriangular with yellow slits arranged in each corner and usually with central scar. 
However, the confirmation of the slits and location of the scar are much more variable 
in stimulans than in either S. calcitrans or H. irritans. Scc also Portchinsky (1910) and 
Thomson (1937). Length 3.8—5.5mm. An.sp. 0.11-—0.15 mm. Ceph.skel. (0.19; 0.23; 
1.04) = 1.56 mm. AB = 0.027—0.029 (n = 12). 

Material studied. 8 puparia, ‘Germania’, coll. Koebele (McM); 1 mature larva, Rhyd 
y Creuau, Clwyd (Wales), 29.v.79, ex cow dung; 1 puparium, Fenwick, x.75, from 
manure heap; 3 puparia, Bentley Common near Doncaster, South Yorkshire (England), 
23-30.vi.76, ex cow dung, P. Skidmore (MAGD). 

Biology. Unlike calcitrans this species is neither strongly eusynanthropic nor highly 
thermophilous. Greenberg (1971) refers to it as an exophilic symbovine. 

According to Thomson (1937) and Hammer (1941) the eggs are laid on very fresh 


280 








BAITS I SS WAY 


Figure 83. Haematobosca stimulans: a, cephalopharyngeal skeleton from mature larva; b, puparium 
(ventral view); c, detail of spiculation of ventral abdominal welt 4; d, caudal segment of puparium 
(ventral view); e, anal spiracles of puparium showing variation in location of slits and their shape; 
H. alcis: f, caudal segment of mature larva (posterior view) (spiculation of postanal region and 
cuticular sculpture only partly indicated); g, anal spiracles of puparium. (Scales: a, c. d 0.20 mm; 
b 0.78 mm;e, g 0.10 mm) (Orig.). 
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cow dung, the females sometimes appearing on pats 10 seconds after they have been 
deposited. An individual fly normally lays about 2 eggs per pat, the ends of the eggs 
projecting above the surface. Thomson assumed that the flies were attracted to the 
smell of fresh cow dung. Immediately after deposition of the eggs he found the dung 
temperature was about 38.5°C, cooling gradually to 32°C half an hour later. The ova 
hatch in 43—48 hours. 

The larvae feed solely on cow-dung, reaching maturity in 12 to 14 days. They then 
normally descend just below the soil surface for pupariation, but this may take place 
in the cowpat itself. The adults hatch about 14 days later in summer. 

Larvae of stimulans have numerous enemies including larvac of Mydaea, Myospila, 
Hydrotaea, Hebecnema etc. 

According to Thomsen & Thomsen (1937) the optimum temperature for the larvae 
is between 15 and 26°C. Winter is spent in the larval stage. 

An essentially rural insect this fly is usually to be seen on flowers, foliage or walls 
in the vicinity of pasturing cattle. The female takes blood meals periodically from the 
cattle but Greenberg (I.c.) points out that it is not an obligative haematophage, 
favouring cattle and only very seldom taking human blood. Many authors have noted 
that this fly is not a thermophilc, preferring the cooler weather of spring and autumn. 
It occurs at considerable altitudes in mountainous areas and ranges further north than 
other stomoxyines. Hammer found that it was active at 8°C, but was absent when 
temperatures exceeded 22°C. He found that in Denmark it appears from April to early 
June; a second limited emergence occurs in late Junc, a third in early August, and the 
main one in September and October. The same probably applies in Britain, where Assis 
Fonseca (1968) gives the flight period as April to October with peak populations in 
spring and autumn. Whether some adults overwinter has not been ascertained. 

Affinities, Nothing is known of the biology of the other 4 Palaearctic Haematobosca 
but Hennig (1964) suggests that perturbans Bezzi may be the East Asian subspecies of 
atripalpis, whilst crassipalpis may be an abnormal stimulans. H. ryszardi Draber-Monko 
is a little-Known Mongolian species which Zumpt (1973) includes with the northern 
Indian and Nepalese sanguisugens Austen, whose biology was investigated by Mitter 
(1916b), in the synonymy of stimulans. H. alcis replaces stimulans in North America. 

Distribution. Palaearctic: central Spain to Shetland, northern Norway and Lapland, 
eastwards through Bulgaria and northern parts of European Russia to Mongolia and 
Transbaikal. 


Haematobosca alcis (Snow) 
(figure 83f -g) 


Larva, Instar 3: very similar in shape to stimulans. Ventral abdominal welts 2—7 
with row of concolorous very fine spicules before and after the bar-shaped ones. 
Caudal segment with squamose surface sculpture and anal plate surrounded by broad 
spiculate area; anal papillae large and a pair of distinct, smooth, subanals; 6 prospiracu- 
lar lobes. Anal spiracles rounded-triangular, scar central with slits serpentine, reddish 
with slits and disc pale yellowish. 
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Cephalopharyngeal skeleton as in stimulans, Length about 7.5mm. An.sp. 0.10— 
0.12 mm. Ceph.skel. (0.15; 0.17;0.61) = 0.91 mm, AB = 0.013—0.016 (m = 3). 

Puparium. Length 4.5—4.8 mm (n = 27) (Burger & Anderson, 1974). 

Material studied. 3 larvae, Lamar River Valley, below Lamar Ranger Station, 
Yellowstone National Park, Wyoming (U.S.A.), 6500 ft, 18.ix.66, J.F. Burger (BMNH). 

Biology. Burger & Anderson (l.c.) found that this fly is exclusively associated with 
Moose (Alces aices) and they discuss the biology and habits in detail. The flies 
constantly attend the host (as in Haematobia irritans on cattle), the females leaving 
only to oviposit on dung up to 3 minutes old. Puparia overwinter in the soil. The flies 
appear to cause the host no distress even when as many as 500 occur on one animal 
(the average number per host is about 280). Because of the close association with the 
host, this fly is generally regarded as a rarity but Burger & Anderson suggest that it 
probably occurs throughout the range of the Moose in North America. 

Affinities. Burger & Anderson discuss the many differences between this fly and the 
Palaearctic stimulans, dismissing the view of Zumpt (1973) and others that it is 
conspecific. 

Distribution. Nearctic: Minnesota and Michigan northwards to Fairbanks, Alaska 
and Grand Falls, Newfoundland. 


Haematobosca atripalpis (Bezzi) 

Biology. Zumpt (1973) gives horses, cattle and donkeys as recorded hosts. 

Affinities. The type-species of Haematobosca. 

Distribution. Palaearctic-Oriental; Spain through southern Russia to Manchuria to 
southern China. 
Haematobosca uniseriata (Malloch) 

Biology. Zumpt (1973) gives records of adults swarming around cattle dung and a 
dead warthog, and biting horses. 

Distribution. Afrotropical; Zimbabwe, Botswana, Mozambique and South Africa. 
Haematobosca latifrons (Malloch) 

Biology. Zumpt (1973) records adults reared from elephant dung and biting cattle. 

Distribution. Afrotropical; Zululand to Uganda. 


Genus Haematobia Le Peletier & Serville 


Haematobia irritans (Linnaeus) 
(figure 84, a—e) 


Ovum. Yellowish-brown, paler when laid (Hammer, 1941). Aeropyles of median 
chorionic layer all of about equal width but dorsal area between pleats with strong 
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Figure 84. Haematobia irritans: a, cephalopharyngeal skeleton from puparium; b, caudal segment 
of larva (posterior view); c, puparium (ventral view); d, cuticular sculpture of puparium; e, anal 
spiracles of puparium; H. titillans: f, caudal segment of larva (posterior view); g, same (lateral 
view): h, anal spiracle. (Scales: a 0.20mm; c 0.78mm; d 0.30mm; e 0.10 mm) (b, F, g. h after 
Zimin, 1951, rest orig.). 


hexagonal reticulations, the outer surface there being raised above the hexagonal 
canals of the inner layer (Hinton, 1960). Length about 1.2 mm. 

Larva, Instar 1: ventral abdominal welts 1—7 with dark spicules along front and 
hind-margins. Pe much shorter than in calcitrans. Instar 2: ventral abdominal welts 
with pallid spicules; 5—6 prospiracular lobes. Anal spiracles unique in having 3 instead 
of 2 slits; these straight and strongly convergent. Instar 3: welts with pallid spicules. 
Anal plate strongly convex, with distinct anal and subanal papillae and small postanal; 
57 prospiracular lobes. Anal spiracles relatively massive, shining black with clear 
yellow tortuous slits around median scar, separated by at most a quarter the width of 
one. Length up to 7mm. See also Portchinsky (1910), Zimin (1951), and Schumann 
(1963). 
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Pupartum, Dull-reddish with characteristic microsculpture. Ventral abdominal welts 
with diagonal bars throughout or broken medially into 2—3 spicules. Anal plate very 
rugose, bounded in front by 3-4 rows of spicules on preanal welt, and 1—2 rows 
behind and around lateral wings of plate. Anal spiracles distinctly raised, black with 
yellow slits. Length 34mm. An.sp. 0.15—0.20 mm. Ceph.skel. (0.15; 0.09; 0.54)— 
(0.17; 0.10; 0.60) = 0.77—0.86 mm. AB = 0.050 (n = 30). 

Material studied. 30 puparia, Bentley Common, South Yorkshire (England), vi— 
ix.75, coll. on various dates as larvae or puparia, from cow dung, P. Skidmore (MAGD). 

Biology. The biology of the Horn fly, has been adequately dealt with by Hammer 
(1941) Depner (1961) and Zumpt (1973). 

Adults live an almost ectoparasitic existence upon cattle. When the host defaecates, 
the gravid females momentarily desert it and oviposit in the completely fresh dung 
whilst it is still at body heat, apparently irrespective of time of day or night. About 18 
eggs are laid during each ovarian cycle, in batches of 4—6, on or under the dung, the 
flies then immediately returning to their hosts. Oviposition takes no more than one 
minute. The eggs hatch in 24 hours and the young larvae feed just below the crust, 
gradually penetrating deeper as aeration is increased by insect activity. In a week or so 
the larvae are mature and they normally descend into the surface layers of the soil to 
pupariate (according to Hammer). However I have repeatedly found puparia in old 
cowpats. 

Seguy (1923) found that in Tunisia larval and puparial stages took 5 days each, and 
the entire life cycle only 11 days. Hammer gives about 3 weeks for Denmark, about 
the same as in north Wales and northern England. At these latitudes, as noted by 
Hammer, there are about 3-4 emergences annually, the first, from overwintered 
puparia about late May or early June, the last about late August or early September, 
and it is their progeny which pupariate with the first autumn frosts. 

A characteristic feature of irritans, which greatly interested Hammer, Thomsen & 
Thomsen and Depner, is its high thermophily, which makes it particularly susceptible 
to fluctuations in spring temperatures and leads to annual variations in its distribution 
limits in cooler temperate regions. Its thermal needs are much higher than #. stimulans, 
the larvae favouring 27-33°C (Thomsen & Thomsen), but being susceptible to des- 
iccation it also requires high humidity. On the other hand it has low light require- 
ments, being active at all limes of day and night and often taken at light-traps. 

Larvae of irritans are attacked by many predaceous muscid larvae and are parasitised 
by Spalangia and other Hymenopterous genera. Sphacridium larvae and many other 
stercoricolous Coleoptera also take their toll. Hennig (1964) and Greenberg (1971) 
give lists of insect enemies of this species. 

Adults are a great nuisance to cattle on whose blood they feed, and they only leave 
their hosts briefly to oviposil or to sip moisture from fresh cowpats. According to 
Hammer, this may be because they lack haemolysing agents in their alimentary canals 
and these organisms may occur in faecal liquids. Portchinsky and Hammer deal at 
length with the adult feeding habits in relation to the coat-length and colour of the 
hosts. Hammer asserted that thermal conditions were vital and found that short-haired 
hosts were preferred. The largest populations occur in the warmer parts of the fly’s 
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range and especially where it has been casually introduced, as in Oklahoma where 
Mailen (1941) frequently found 5000 irritans on one cow. Even in the most favoured 
parts of southern Europe such congregations are exceptional (Hammer). Rivosecchi 
(1953) believes the significance of this fly is generally much exaggerated as losses in 
milk production never exceed 4%, and Greenberg states that the fly consumes relatively 
little blood compared with S. calcitrans. Hammer notes that humans are very seldom 
attacked except when milking cattle. 

Affinities. . irritans varies much throughout its range. It is replaced by exigua in 
the Oriental to Australasian Region and minuta in the Afrotropical. Bezzi (1911) 
referred pale southern forms of irritans to meridionalis and weissi, but Zumpt (1938) 
showed that these are colour forms rather than geographical races. 

Distribution. Holarctic-Neotropical: Azores through North Africa to Kazakhstan to 
central Scotland, central Sweden and southwest Finland, not penetrating the conifer 
belt, and replaced to the south and east by exigua (see below). Introduced into North 
America in mid-19th century and now recorded from southern Canada (Quebec and 
British Columbia) to Hawaii and southern Brazil. 


Haematobia exigua de Meijere 


Ovum. White to brownish-black. Length 0.98—1 .18 mm (Handschin, 1933), 1.2 mm 
(Ferrar, 1979a). 

Larva. All three instars figured and described by Ferrar (1979a); probably indis- 
tinguishable from irritans. 

Puparium. Handschin measured 600 puparia and found size range to be 2.24— 
3.52 mm, mostly 2.88 mm. Ferrar gives range 2.7—3.7 mm. 

Material studied. 6 puparia, Asan (Guam), 9—25.vii.45, reared from cow dung, 
Bohart & Gressitt coll. (CAS); 42 with 21 puparia, Lansdown, near Townsville, 
Queensland (Australia), 19.vi.68, P. Ferrar (ANIC). 

Biology. According to Bohart & Gressitt (1951) the eggs are laid on grass surround- 
ing dung, or in batches of 12—20 on the surface of very fresh dung of Water Buffalo 
and cattle, less often horse or pig, but never on manure heaps. Handschin found that 
one female may lay both dark and pale eggs which hatch in 18—24 hours; the larval 
stage takes 4—6 and the puparial stage 5—8 days. The life cycle takes 9.6 days at 
37°C-19.5 days at 23°C, this latter figure being very close to the lower tolerance limit 
for exigua. 

There is an extensive literature on the biology of this form and reference should be 
made to Pont (1973a) and Ferrar (1979a). In general the biology is very like irritans 
and the immature stages are probably indistinguishable, but exigua appears much less 
specific in host selection, the adults attacking horses, dogs, man and many zoo 
animals, as well as cattle and Water Buffalo (its preferred targets), They particularly 
favour shorter-haired bulls, congregating especially around eyes or open wounds, but 
Handschin believes the fly is not of such economic importance as the many Tabanids 
and Oestrids with which it occurs. 

The larvae have many enemies including the beetle Aleochara handschini and 
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attempts have been made at biological control through the use of predatory muscid 
larvae and pteromalid parasites (see Pont, 1973a). 

Greenberg (1971) refers to exigua as a hemisynanthropic exophilic symbovine. 

Affinities. This is very close to irritans, and is sometimes treated as a subspecies of 
irritans (eg. Pont, 1973a). 

Distribution. Oriental-Australasian; Pakistan to Harbin (Manchuria) and northern 
Japan to Marianas, Solomon Islands and Australia, where it reaches about 20°S. It 
was introduced into Australia with Water Buffalo during the 19th century (Hand- 
schin, 1933). 


Haematobia titillans Bezzi 
(figure 84f—h) 


Ovum, Initially white but rapidly turning orange; elongate ovate, slightly curved in 
lateral view, more broadly ovate in dorsal view. Hatching pleats extending almost full 
length of dorsal surface, dorsal strip medially about a third the width of the egg, 
towards anterior end much widened. Chorion distinctly reticulate. Length 1.0— 
1.2 mm (Pridantseva, 1959). 

Larva. Instar 1: thoracic segments non-spiculate but ventral abdominal welts 2—7 
with 3 transverse series of tiny spicules, the foremost of these lying on the extreme 
hind-margin of the preceding segment. Cephalopharyngeal skeleton very like Ferrar’s 
(1979) figure of the first instar of Pyrellia tasmaniae, but with large triangular mh 
(labial sclerites in Pridantseva’s terminology) and longer ph; (very like Schumann’s 
figure of irritans but pas less sinuate). Instar 2: ventral abdominal welts similar. 
4—5 prospiracular lobes. Anal spiracles with 2 slits (3 in exigua according to Ferrar, 
l.c.). Cephalopharyngeal skeleton resembling Ferrar’s figure of exigua.in shape of ph 
but As relatively longer and sclerotisation of oral sclerites reduced to 3 groups of tiny 
sclerites at extreme anterior end of armature, remote from hs (Pridantseva, l.c.). 

Puparium. Figured by Pridantseva this differs from other known stomoxyines in the 
subconical caudal segment with the anal spiracles borne on conspicuous paired pro- 
tuberances similar to certain Spilogona and Pseudolimnophora species. 

Biology. Pridantseva studied the biology of this fly in southern Tuva (U.S.S.R.). As 
in irritans the flies are ectoparasitic, only leaving their hosts to oviposit. This habit has 
led to modification of the gut, notably an almost complete reduction of the crop. The 
favoured hosts are camels, cattle, sheep, goats and horses and the species has been 
cited as an intermediate host of the nematode Parabronema skrjabini which affects the 
gut of various ruminants. Pridantseva discusses these records and gives details of the 
diurnal and seasonal periodicity of the fly. She found that the females laid 7—20 eggs 
in fresh dung and the life cycle under optimum conditions takes 23 days. Pupariation 
occurs mainly in the upper 1—3 cm of soil below the dung. 

Rivosecchi (1953) says the biology is quite the same as in irritans and that both 
species may be found on the same animal, but Séguy (1923) found fitillans to be less 
specific to cattle, biting man fiercely. Zimin (1951) noted that whilst it bred almost 
entirely in fresh cow dung it would sometimes breed in manure, However, he points 
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out that there must be another larval pabulum, to judge by the relative scarcity of 
larvae in cow dung compared to the abundance of adults on occasions. Greenberg 
(1971) records it breeding in camel dung and refers to it as an occasionally communi- 
cative exophilic symbovine of pastures, steppes and semi-deserts. 

Affinities. Zumpt (1973) treats this as a subspecies of thirouxi (Roubaud). 

Distribution. Palaearctic: Portugal through the Mediterranean and central Asia to 
Manchuria north to Riga (Estonia), but very rare in Europe north of the Alps and 
Carpathians or north of the steppes of southern Russia. 


Haematobia thirouxi (Rouband) 


Biology. Zumpt (1973) states that the type series were collected from cattle and 
that nothing further is known of the type form. The form potans (Bezzi) has been 
collected from buffalo, cattle, Impala, Black Rhinoceros, sheep and sometimes from 
horses. dogs and humans. Eggs are laid in cattle dung and the larvae hatch in 14—48 
hours, the larvae take 4—6 days and the puparia 5-8 days. Pupariation occurs in the 
ground and in South Africa the species is polyvoltine, breeding throughout the year. 

Affinities. Zumpt (l.c.) regards fitillans as a subspecies of thirouxi, but I am follow- 
ing the traditional and currently accepted view that these are distinct species. 

Distribution. Afrotropical; Cape Province (South Africa) to Senegal and Sudan. 


Haematobia minuta (Bezzi) 


Biology. Thought to be associated mainly with African Buffalo in Africa and Water 
Buffalo in the Oriental region, this also affects cattle and horses. In some areas, devoid 
of these animals the flies may be extremely troublesome to humans. Larval habits 
not known. (Zumpt, 1973). 

Distribution. Afrotropical-Oriental; Kasongo (Congo) to Canary Islands eastwards 
to Thailand, but widely confused with related species, so range uncertain. 


Haematobia meridiana Zumpt 


Biology. The type material was collected from a warthog and a giraffe (Zumpt, 
1973). 

Affinities. Very closely related to minuta. 

Distribution. Afrotropical; Transvaal and Zululand (South Africa). 


Haematobia schillingsi (Grinberg) 


Biology. Closely associated with the Black Rhinoceros (Zumpt, 1973). 
Distribution. Afrotropical; Tanzania and Congo. 


Haematobia spinigera Malloch 


Biology. Zumpt (1973) says this is closely associated with the African Buffalo and 
has been recorded from giraffe and zebra, but he cites only one record from cattle. 
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Distribution. Afrotropical; South Africa to Rwanda and Sudan. 


Genus Bruceomyia Malloch 


Biology. The single species pustctigera (Austcn) has been found associated with the 
White Rhinoceros in the Congo and vigorously attacking humans in Uganda (Zumpt, 
1973). 

Distribution. Afrotropical; Uganda, Congo and Sudan. 


Genus Stygeromyia Austen 


Ova. Of normal muscine type. Ovarioles numcrous (Zumpt, 1973). 

Larvae. Instar 3: according to Emden (1965) anal spiracular slits almost straight and 
mh nearly symmetrical in maculosa Austen. 

Biology. Oviparous species whose larvae develop in cow and horse dung (maculosa), 
or perhaps in baboon or rock-rabbit droppings (sanguinaria Austen). S. maculosa is 
unusual in being crepuscular or nocturnal, and sucks the blood of cattle, horses and 
camels, especially on the inner shanks. S. sanguinaria is diurnal but avoids the hottest 
times of the day except when the humidity is high. It is thought to attack baboons, 
rock-rabbits, antelopes etc., but it can be induced to take human blood (Zumpt, 1.c.). 

Affinities. Zumpt suggests that Emden’s findings on larval morphology, if correct, 
suggest strong plesiomorphism. 

Distribution. Oriental-Afrotropical; S. sanguinaria occurs widely’: in Africa whilst 
maculosa also occurs in southern Arabia, Iran and India. 


Genus Neivamyia Pinto & Fonseca (lutzi Pinto & Fonseca) 
Neivamyia flavicornis (Malloch) 


Ovum. Musca-type with outer surface finely reticulate; whitish in colour. Length 
1.7mm, 

Larva. Very like Haematobosca stimulans according to Pinto & Souza Lopes’ 
(1933) figures. Instar 3: 4 prospiracular lobes. Anal spiracles subtriangular, very small, 
separated by about 4 times width of one. 

Cephalopharyngeal skeleton very like H. stimulans. Length up to 8.0mm. An.sp. 
0.10 mm. Ceph.skel. 1.00 mm. (NB. Presumably the scale beneath the larva in figure 6 
of Pinto & Souza Lopes should read 1.00 mm, not 0.01 mm.) 

Puparium. Anal spiracles separated by much more than the width of one. Length 
not stated by Pinto & Souza Lopes but presumably about 2.80 mm, assuming that the 
scale on their figure 8 should read 1.0 mm not 0.1 mm. 

Biology. Pinto & Souza Lopes (1933) found adults of this species sucking the blood 
of horses and record that they carry ova of the oestrid Dermatobia hominis (L.). In the 
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laboratory they reared the species on fresh horse dung and found that the egg stage 
lasts 9-10 hours, the larval stage 9-10 days and the puparial 6—7 days. 

Affinities. Pont (1972c) includes 4 species in this genus ranging from Trinidad to 
southern Brazil. The type specimens of lutzi, latifrons Malloch and antunesi Lopes 
were collected from horses but their native hosts are not known (Zumpt, 1973). 

Distribution. Neotropical: Trinidad to Rio de Janeiro (Brazil). 


Subfamily ATHERIGONINAE 


Genus Atherigona Rondani 
(figures 85-95) 


Ova. Of Phaonia-type. 

Larvae. Trimorphic facultative carnivores or phytophages. Instar 3; elongate maggots 
with 3—14 prospiracular lobes and anal spiracles often strongly raised, shining black, 
with slits nearly straight, curved, angular or sinuate, convergent or peripheral. 

Cephalopharyngeal skeleton with well-developed aco, the ob in phytophagous 
forms massively enlarged and usually dentate anteroventrally, often with sub. Hs small 
to very large, often completely fused to ph. Ph with superior od but at at most obtuse, 
floor often broadly translucent with distinct sm; ol absent; pve usually angulate 
dorsally, sometimes shorter than pde. Length up to 10mm. 

Puparia. Of unmistakable barrel-like shape, abruptly truncate at both ends. Length 
2.9-6.5 mm. An.sp. 0.05—0.22 mm. Ceph.skel. 0.54—1.20 mm. AB = 0.011—0.055. 

Biology. Atherigona s.str. species have phytophagous or saprophagous graminicolous 
larvae with oral sclerites specially adapted to cutting through tough plant tissues but 
it remains uncertain whether they feed mainly on healthy, or always on decayed 
parts. They sever the main shoot upon entry and develop in the rotting part above the 
incision. Acritochaeta species are less specialised, most being facultative carnivores 
in decaying plant or even animal matter, but yorki may be parasitic upon phytophagous 
insect larvae. Cocoon formation is recorded in certain species (e.g. Munro, 1925). 

Affinities. Traditionally included in the Coenosiinae, A therigona was transferred to 
its own tribe in the Phaoniinae by Hennig (1965). Whilst the egg is phaoniiform the 
larval morphology suggests a reinwardtiine affinity and it is possible that the genus 
arose directly from a section of the Reinwardtiinae as here understood. In view of the 
many unique features of the genus I am treating it as a distinct subfamily close to the 
Reinwardtiinae. The most primitive species is probably orientalis whose larva is in 
many respects a typical reinwardtiine; from this a range of forms leads to the remark- 
able phytophages of the soccata group in which the ob entirely dominates the oral 
sclerites and the hs and ph are entirely fused. In some species cocoon formation is 
recorded, but all known species have the remarkable puparial form, seen nowhere 
else in the Muscidae. 

Distribution. Mainly palaeotropical; about 200 described species of which 7 occur 
in the southern Palaearctic; orientalis is pantropical. 
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Material studied. 18 mature larvae, Rhyd y Creuau, Clwyd (Wales), 25.ix.79; 4 
puparia, Brock Vale, Lancashire, 13.iv.63, coll. as larvae; 2 puparia, Dunham Park, 
Greater Manchester (England), 14.iii.63, coll. as larvae, P. Skidmore (MAGD). All from 
cow dung. 

Biology. M. meridiana breeds in cow dung, or less frequently in horse dung. Séguy 
(1923) and other authors state that the female lays only about 5 or 6 eggs. Portchinsky 
(1910) found that a female typically contained 3 ovarian tubules in each ovary, 2 of 
these tubules being equally large and situated side by side, the third much smaller. He 
went on to say that one of the eggs in the larger tubules would often already show the 
larval segmentation through the chorion and this mature egg then passes into a 
specially dilated part of the uterus where it remains for some time. 

When ready to oviposit the fly seeks a fresh cowpat and inserts the egg vertically so 
that the apex just projects above the surface (Thomson). Portchinsky found that in 
captivity oviposition normally occurred about 0900 hrs. 

Most observers have found that one egg is laid at a time so that, as Hinton points 
out, when several meridiana eggs are present in one pat, each must have been laid by a 
different female since by the time an individual female is ready to deposit her next 
egg, the cowpat in which she laid the previous one will be too old. 

M. meridiana is ovoviviparous, the eggs hatching prior to, during, or up to an hour 
after oviposition. Hinton points out the interesting fact that due to the characteristic 
chorionic structure of the egg and the position in which it is habitually inserted into 
the pat, it is less adapted to escaping water loss than are the eggs of other known 
Muscinae. However since it is only exposed to the elements for an hour at the most a 
high resistance to water loss is perhaps not essential. The time of oviposition may also 
be very significant in this connection. 

The larva usually hatches in the first instar, moulting an hour or so later. 
Occasionally however emergence from the egg is delayed until after the first ecdysis in 
which case a second stage larva leaves the egg (Thomson). Within 24 hours after leaving 
the cgg the larva reaches the final instar and growth is very rapid, the entire larval life 
in summer in Britain taking about a week. Like Thomson, and Hammer (1941), I have 
never witnesscd carnivory in this species but two specimens in the British Museum 
(Nat. List.) collections possess the following data: (a) ‘bred from half-grown larva 
which destroyed 30 fully grown larvae of Musca corvina’; (b) ‘bred from larva which 
destroyed 40 larvae, large and small, of Musca corvina’. 

M. meridiana \arvac have numerous enemies. On several occasions I have found 
empty skins of meridiana larvae in cowpats. Not only do they fall prey to crows and 
starlings but also to carabids, staphylinids and histerids and even to other muscid 
larvac. Once when collecting I placed four large meridiana larvae in a large container 
with some cow dung and five Polietes hirticrura maggots, recalling that Thomson had 
found the latter larvae to be only mildly carnivorous; and in any case, though nearly 
mature the Airticrura larvae were much smaller than the meridiana. However two hours 
later two meridiana larvae had been sucked dry and a third was being fatally pierced 
by one of the hirticrura maggots; straight away the remaining four hirticrura 
larvae converged for the kill and the meridiana was soon an empty transparent husk. 
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Subgenus Acritochaeta Grimshaw 


Atherigona { Acritochaeta) orientalis Schiner 
(figure 85a—e) 


Ovum. Ventral surface entirely covered by coarse hexagonal reticulations. Length 
0.9mm (Bohart & Gressitt, 1951). 

Larva. Instar 3; ventral abdominal welts very conspicuous, sparsely spiculate 
(Munro, 1925); anal plate surrounded by narrow region of spicules and para- and post- 
anal papillae small but distinct. Anal spiracles separated by about 3 times the width of 
one. Length 7 mm (Bohart & Gressitt). 

Puparium. Unusually short and broad (see figure by Bohart & Gressitt, 1951), 
shining to matt, orange to dark-reddish, finely to coarsely transverse striate through- 
out, often covered in tiny granules; caudal segment often with strong folds encircling 
the perispiracular field. Ventral abdominal welts sometimes conspicuous, with curved 
rows of minute spicules arranged in 2 bands on anterior and posterior face of welts on 
segments 3. 7 inclusive. Anal plate with wide surrounding spicular area (sometimes 
obscure); 4—7 prospiracular lobes. Anal spiracles strongly exserted as in larva, separated 
by 3 times width of one, with slits conspicuously paler and arcuate to sinuate. (Note 
that Bohart & Gressitt only show 1 slit instead of 3.) 

Cephalopharyngeal skeleton much broader than in soccata; ob very slender and 
simple. Hs small, not fused to ph. Ph with obsolete at, sm conspicuous. Length 
3.3--5mm. An.sp. 0.12—0.14 mm. Ceph.skel. (0.18; 0.10; 0.51)—(0.24; 0.13; 0.62) = 
0.81—0.99 mm. AB = 0,028—0.036 (n = 10). 

Material studied. 99 with puparia as follows: Port Retidian, 28.vi; Port Oca, from 
dead molluscs, 14.v; Port Oca, xii, 2 from Agana spring, 21.vii; Agana spring in muck, 
28.vii; Agana, 7.v; Port Ritidian found on coconut, Mt.Sta.Rosa, 3.vi.1945; all from 
Guam, coll.Bohart & Gressitt (CAS); puparium, Drummond Grove (Australia), ex 
household garbage (BMNH). 

Biology. Discussed in detail by Pont (1972b) and Ramachandra Rao (1924). 
Surprisingly, this species is unknown in the first and second larval instars. The eggs 
are laid singly in suitable larval pabula, usually inserted so that only the tips of the 
foliose hatching pleats at the micropilar end are exposed, either in cracks in splitting 
rotten fruit or in oviposition sites of other insects (e.g. Dacus cucurbitae in cucumbers). 
In culture (at 85°F) the egg stage lasts 12 hours, larval 5 days and puparial 6 days, 
making total of 114 days, but Ballard (in Ramachandra Rao, 1924) gives 154 days. 
Final instar larvae are semicarnivorous, preying on Dacus and Limnophora exigua 
etc., and when Dacus invades cucumbers with orientalis the latter usually takes over 
completely, Pupariation occurs amongst fibrous material on the outer surface of the 
pabulum, the flattened anterior end of the puparium being exposed to the environ- 
ment. According to Munro the puparium is enclosed in a cocoon. 

A. orientalis breeds in human and pig faeces (rarely), carrion (commonly) and 
especially in decaying plant matter (Bohart & Gressitt). Often it produces a secondary 
infestation of crop plants, as in the case of Dacus in cucumbers, and Pont gives similar 
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Figure 85, Atherigona {Acnitochaeta) orientalis: a, cephalopharyngeal skeleton from puparium; b, 
puparium (dorsal view); c, same (ventral view); d, detail of spiculation on ventral abdominal welt 
3;e, anal spiracle of puparium; A. {A.} longipalpis: f, cephalopharyngeal skeleton from puparium; g, 
detail of oral sclerites of same; h, puparium (dorsal view); i, posterior end of puparium (ventral 


view); j, anal spiracle of puparium. (Scales: a, d, e, f, j 0.10 mm; b,c 1.0mm; g 0.12 mm; h,i 0.61 
mm) (Orig.). 
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instances in Sorghum and Maize. However, as he observes, this follows initia] attack by 
Atherigona s.str. species, although there is some evidence of orientalis attacking 
healthy plant tissues. In Puerto Rico Wolcott (1936) records orientalis breeding in 
decaying eggplants, oranges, corn kernels, string beans, tomatoes and dasheen roots, 
whilst Hennig (1961) adds many other plants and such pabula as dead bats and guinea 
pigs, cow dung etc. Bohart & Gressitt regard this species as one of the 4 most im- 
portant carriers of pathogens inhabiting filth in Guam, where the adults abound 
around rotting tomatoes, potatoes, breadfruit, and onions, as well as most kinds of 
decaying table food, carrion and excrement, but they note that it is not considered a 
crop pest. Greenberg (1971) considers the specics a mainly exophilic hemi- 
synanthrope. Cuthbertson (1938) records this fly as prey of the asilid Neolaparus 
angusteorinias Pic. 

Affinities. The type species of sg Acritochaeta, this species is probably the least 
specialised member of the subfamily and is probably very close to the ancestral type in 
biology artd larval morphology. The arrangement of the anal spiracular slits and the 
structure of the cephalopharyngeal skeleton strongly resemble some of the Reinward- 
tiinae. 

Distribution. Pantropical between 20°C Annual Isotherms and extending into 
Palaearctic in China, Mediterranean subregion and Canary Islands. 


Atherigona (Acritochaeta) longipalpis Malloch 
(Fig. 85 f—j) 


Ovum. Figured by Bohart & Gressitt (1951) this appears rather broader than 
orientalis and lacks the reticulate sculpture on the ventral surface; the dorsal surface 
however is conspicuously reticulate. Length 0.9mm. 

Larva. Instar 3: according to Bohart & Gressitt larger than orientalis. Length 9 mm. 

Puparium. Rather different from orientalis (as shown by Bohart & Gressitt), being 
much more elongate and very coarsely transverse striate throughout, though less 
closely on caudal segment than elsewhere; ventral abdominal welts obscure, each with 
only 1 distinct transverse row of large spicules. Pre-anal welt and area behind anal 
plate rugose, not clearly spiculate; 4—5 prospiracular lobes. Anal spiracles much 
more exserted than in orientalis but similar in size and arrangement of silts. Cephalo- 
pharygeal skeleton similar to orientalis but ob much more robust and of complex 
structure; at absent. Length 4.97-6.00 mm. An sp. 0.14—0.17 mm. Ceph. skel. (0.24; 
0.14; 0.73) = 1.10mm. AB = 0.028 (n = 4). 

Material studied. 3? with puparia trapped on meat, eggs laid on peas, 21. vii. 45; 
1d with puparium from bread fruit, Guam, i. 46, coll. Gressitt (CAS). 

Biology. Bohart & Gressitt (1951) found adults on human excrement, carrion, 
rotten coconuts and garbage and reared them from rotten breadfruit. Under laboratory 
conditions they reared them from eggs on peas and rotten beef, those on the latter 
medium growing more slowly but producing larger specimens. 

Affinities. Whilst the biology is similar to orientalis, the aco are more complex in 
this species. 

Distribution. Oriental: Guam. 
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Figure 86. Atherigona {Acritochaeta) distincta: a, mature larva; b, detail of spiculation on ventral 
abdominal welt 6 as indicated, showing smaller and larger spicules at higher magnification; c, anal 
region of mature larva as indicated; d, anal spiracles of mature larva; e, cephalopharyngeal skeleton 
from puparium; f, oral sclerites of same, separated to show relationship of parts; g, puparium 
(dorsal view); h, same (anterior view); i, prospiracular process of puparium; j, detail of cuticular 
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Atherigona (Acritochaeta) distincta Malloch 
(figure 86a—1) 


Ovum. Hatching pleats broad and truncate at ends; about 18 ventral longitudinal 
ribs but no discernible reticulations on outer surface of entire chorion (at x 100). 
Length 0.91—1.03 mm (n = 5). 

Larva, Instar 3: creamy-white with distinct longitudinal striations and conspicuous 
complete anterior spine bands on thoracic segments; that on prothorax having some 
very distinct dark spicules which are rather coarser and more spaced out than else- 
where, on the anterodorsal surface; ventrally on prothorax are very many rows of very 
fine serrations; mesothorax with 2 rows of serrations above, 3 below, and metathorax 
with 2 rows above and | below. First abdominal segment with 2 ventral rows and none 
above (and no dorsal ones on succeeding segments). Ventral abdominal welts on 
segments 2-7 with conspicuous though tiny, dark spicules arranged in arcuate rows. 
Anal region with similar spicules in a wide area surrounding anal plate and behind this 
with slight extra, para- and subanal papillae and a conspicuous conical postanal; these, 
like the pre-anal welt, with very distinct spicules set in arcuate, serrate rows; 7—8 
prospiracular lobes, Anal spiracles black, strongly exserted, separated by the width of 
one; slits strongly bowed, U-shaped. 

Cephalopharyngeal skeleton similar to that of orientalis and longipalpis, aco 
resembling latter in complexity. Hs and ph also more like longipalpis but ph more 
uniformly lightly sclerotised. Length 7.5—-9.10mm. An.sp. 0.12mm. Ceph.skel. 
(0.24; 0.14; 0.82) = 1.12 mm. (n= 22). 

Puparium. Medium-reddish, rather shining but minutely granulate and transverse 
striate. Ventral abdominal welts and anal region distinctly spiculate as in larva; 6—7 
prospiracular lobes. Anal spiracles black, distinctly exserted and separated by about 
twice the width of one. Length 4.42—6.30mm. An.sp 0.17—0.22 mm. Ceph.skel. 
(0.21; 0.12; 0.73)—(0.24; 0.14; 0.82) = 1.00—1.12 mm. AB = 0.035—0.038 (” = 29). 

Material studied. 22 larvae, Icrisat, 28.1.76, from Palmyrah fruit; 5 ova, 11.viii. 
76; 29 puparia, 11.viii.76, Hyderabad (India) (BMNH). 

Affinities. Evidently closely related to the two preceding species. 

Distribution. Oriental; only known from India. 


Atherigona (Acritochaeta) pallidipes Malloch 
(figure 87 a—c) 


Puparium. Translucent orange, brilliantly shining and very finely longitudinally 
shagreened. Ventral abdominal welts as in distincta. Caudal segment without 
perispiracular depression, entirely covered in strongly raised carinate rugae. Anal 
spiracular aureolae closely approximate, anal spiracles black with distinct orange 
U-shaped slits. 

Cephalopharyngeal skeleton very similar to orientalis in shape of ph. Length 4.8 mm. 
An.sp. 0.12mm. Ph 0.78mm. AB=0.025 (” = 2). NB. Oral sclerites absent in 
specimens studied. 
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Figure 87. Atherigona (Acritochaeta) pallidipes: a, hypopharyngeal and pharyngeal sclerites from 
puparium; b, caudal segment of puparium (posterior view); c, anal spiracle of puparium; A. (A./ 
porki: d, cephalopharyngeal skeleton from puparium; e, hypopharyngeal and pharyngeal sclerites 
of another specimen; f, puparium (dorsal view); g, perispiracular field of puparium; h, anal spiracle 
of puparium. (Scales: a, ¢ 0.12 mm; b, g 0.24 mm; d, e 0.10 mm; f 0.61 mm; h 0.024 mm) (Orig. ). 


Material studied. 2? with puparia, Coimbatore (India), 28.viii.12, on cocoons of 
Oryctes, T.V.R.coll. (BMNH). (NB. Oral sclerites absent in these specimens.) 

Affinities. This appears to be closely related to orientalis. 

Distribution, Oriental; only known from India. 


Atherigona (Acritochaeta) yorki Deeming 
(figure 87 d—h) 


Puparium. Light- to dark-reddish, matt and shining and at least partially covered in 
tiny granules. Ventral abdominal welts 2—8 as in distincta, abdominal segment 1 with 
complete anterior spine band, with tiny serrate rows on anterodorsal surface. Anal 
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region rugose but anal plate undifferentiated. Caudal segment irregularly corrugate 
behind, except in the concave perispiracular field which is smooth; 3--4 prospiracular 
lobes. Anal spiracles remarkably small, each surrounded by a large black aureole; 
black, reddish on disc and with curved slits externally concave. 

Cephalopharyngeal skeleton withaco more complex than in orientalis or longipalpis, 
the ob being conspicuously dentate anteroventrally; hs shallow but relatively longer 
than in orientalis or longipalpis. Ph with distinct at and sm and with floor very broadly 
translucent; pe conspicuously short, and pve shorter than pdc. See also Deeming 
(1971). Length 3.0—5.45mm. An.sp. 0.06mm. Ceph.skel. (0.10; 0.07; 0.38) = 
0.54mm. AB = 0.011—0.020 (n = 3). 

Material studied. 1d, 1° paratypes, with puparia, Mtwapa (Kenya), ii.65, ex Stalk 
borer, F.C. Mathés; 1d paratype with puparium, Mjala (Sierra Leone), xii.34, reared 
from Maize, E. Hargreaves (BMNH). 

Biology. The specimens studied by Deeming were reared from guinea corn shoots, 
millet stems, Pennisetum purpureum shoots, Maize, Dura and Sorghum vulgare where 
the larvae parasitise pyralid moth caterpillars (ie. Haimbachia ignefusalis, Chilo 
zonellus, orichalceociellus and portellus). 

Affinities. Deeming states that the closest relative is probably annobonensis Peris. 
In larval morphology this exhibits many differences from orientalis and it is probably 
not particularly closely related (although clearly in sg. Acritochaeta). 

Distribution. Afrotropical: Sicrra Leone to Kenya and Khartoum (Sudan). 


Atherigona (Acritochaeta) transversa Deeming 


Biology. Deeming records this from leaves from nest of bush-baby Galago 
senegalensis. 
Distribution. Only known from type locality in Tanzania. 


Subgenus Atherigona sensu stricto 


Atherigona (s.str.) acutipennis Villeneuve (palustris Deeming) 
(figure 88 a—e) 


Puparium. Orange, matt shining, translucent, uniformly moderately densely 
granulate and very finely transverse striate throughout and not more markedly so on 
caudal segment which lacks the angulate foliate rugae found in many other species. 
Perispiracular field slightly recessed and surrounding integument thrown into dense, 
tight folds giving a darker coloration to the area. Segmental boundaries clearly con- 
stricted and more densely striate. Ventral abdominal welts 2—7 with 3—4 rows of 
distinct spicules arranged in long irregularly interrupted rows; ventral well on segment 
1 with 3 long transverse series of small spicules. Dorsal surface without spicules. Anal 
plate conspicuous, triangular with very short and narrow wings, surrounded by dense 
folds upon which are scattered groups of small spicules, especially beyond the wings of 





Figure 88. Atherigona (s.stt) acutipennis: a, cephalopharyngeal skeleton from puparium; b, 
hypopharyngeal sclerite and anterior end of pharyngeal sclerite (ventral view); c, detail of spicula- 
tion on ventral abdominal welt 3; d, caudal segment of puparium (ventral view), showing details of 
spicules on pre-anal welt at higher magnification; e, anal spiracle of puparium; A. (s.str.) steeleae: 
f, cephalopharyngeal skeleton from puparium; g, hypopharyngeal and pharyngeal sclerites (ventral 
view); h prospiracular process of puparium; i, caudal segment of puparium (ventral view); j, anal 
spiracle of pupatium; A. (s.str.) lineata: k, caudal segment of pupasium (ventral view); 1, peri- 
spiracular field of puparium. (Scales: a, b, d, f, g, i, k 0.24 mm; c, h 0.05 mm;e, 1 0.10 mm) (Orig.). 
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the anal plate. Pre-anal welt with about 6 rows of spicules, the front 2 in long 
transverse rows, the rest in groups of ‘scutes’, 5 prospiracular lobes. Anal spiracles less 
exerted than in many species, black, with peritremes curiously expanded (‘slightly 
trumpet-shaped’ — Deeming); slits yellowish, gently curved or sinuate, externally 
convex. 

Cephalopharyngeal skeleton more like sg. Acritochaeta in the less massively 
sclerotised ob (very like distincta), the conspicuous sm and the distinct suture between 
hs and ph. See also Deeming (1972). Length 4.30—4.73 mm. An.sp. 0.13—0.15 mm. 
Ceph.skel. (0.19; 0.12; 0.71) = 1.00 mm. AB = 0.030 -0.032 (n = 7). 

Material studied. 7 puparia, Kikuyu swamp. (Kenya), 25.vi.57, bred ex bullrush, 
I.W.B. Nye (BMNH). 

Biology. The host plant was presumably a Schoenoplectus species. The conspicuous 
pharyngeal sieving mechanism suggests that the larva is semicarnivorous, as in sg. 
Acritochaeta. 

Affinities. Deeming describes the adults in detail (as palustris), noting the remarkable 
structure of the trifoliate process, which can only be compared with fumivenosa 
Deeming. The larval morphology is remarkable in that it combines the characters of sg. 
Acritochaeta and A therigona s.str., having the less-developed 0d and the less sclerotised 
ph, with its well-developed sm, of sg. Acritochaeta and the apparently fused As and ph 
of sg. Atherigona. However, unlike Atherigona s.str. there is a distinct suture between 
the As and the ph, suggesting the process of fusion is incomplete in acutipennis. 

Distribution. Only known from Egypt and Kenya. 


Atherigona (s.str.) tomentigera Emden 


Puparium. Surface denscly granulate. Anal plate distinct, strongly transverse, with 
postanal papilla; 6-7 prospiracular lobes. Anal spiracles hardly raised, invisible in 
dorsal or lateral view being set in deep concavity. 

Cephalopharyngeal skeleton with ob of complex form, having basal half extensively 
translucent as in acutipennis but much deeper anteriorly than in that species, and with 
peculiar dorsomedial tooth; mh and ms otherwise very like acutipennis. Length 3mm 
(Deeming, 1971). 

Biology. Deeming records guinea corn as a host plant and found adults feeding on 
dead crickets (Brachytrupes membranaceus (Drury)). 

Distribution. Afrotropical: Uganda, Nigeria. 


Atherigona (s.str.) occidentalis Deeming 


Puparium. Surface moderately shining, especially towards ends, and caudal segment 
abruptly narrower than preceding ones, and with stronger sparser transverse striations; 
8—9 prospiracular lobes. Anal spiracles black, hardly exserted and set in slight 
perispiracular concavity but clearly visible in dorsal or lateral view. 

Cephalopharyngeal skeleton with ob very strongly contracted at point of articulation 
with ms; mh entirely visible in lateral view. Length 3.7 mm (Deeming, 1979). 
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Biology. Deeming reared this from shoot of Andropogon fastigiatus at Samaru 
(Nigeria). 
Distribution. Afrotropical: Nigeria and Cameroon. 


Atherigona (s.str.) steeleae Emden 
(figure 88 f—j) 


Puparium, Orange-brown, shining but roughened by dense granules and close 
transverse striations; less so on caudal segment where ridges more angulate and 
strongly foliaceous giving perispiracular field a strongly raised margin, though less so 
than in laevigata. Ventral abdominal welts undifferentiated (specimen badly mounted). 
Anal plate very conspicuous, very heavily corrugated, darker reddish, with wings not 
narrowed; 8 prospiracular lobes. Anal spiracles black, exserted but not on common 
black elevation, the area being concolorous reddish. 

Cephalopharyngeal skeleton with ob massive, about twice as long as mh, with 
ventral teeth arranged as in ponti but ob much more elongate. Length 4.73—5.00 mm. 
An.sp. 0.18m. Ceph.skel. (0.18; 0.54) = 0.71 mm. AB = 0.036—0.038 (n = 1). NB. 
According to Deeming (1971) the surface of the puparium lacks granules. 

Material studied. 1¢6 with puparium, Igumbiro Expt. Fm. (Tanzania), 10.v.57, ex 
Pennisetum purpureum, 1.W.B. Nye (BMNH). 

Biology. According to Deeming this has been reared from shoots of Andropogon 
sorghum, Sorghum bicolor and Pennisetum purpureum. 

Distribution. Afrotopical: Uganda, Tanzania, Sudan and Ethiopia. 


Atherigona (s.str.) lineata (Adams) 
(figure 88 k—l) 


Larva, Instar 3: facial mask with few oral ridges arranged in irregular lattice, 
barely reaching lateral surfaces and serrate towards their outer ends. Prothorax with 
9 continuous rows of long sharp spicules anteroventrally, reducing to 6 such rows 
laterally but increasing again to 9 rows dorsally though here the spicules are shorter 
and blunt; mesothoracic spine band with 4 rows of sharp spicules ventrally and 
laterally but dorsally with rounded ones instead. Metathoracic spine band with only 
rounded spicules in interrupted rows, 5 ventrally, 2 laterally and 3 dorsally. Abdominal 
segment 1 with 4 interrupted rows of rounded coarse spicules on ventral welt, reducing 
to 2 laterally and increasing to 3 series of arcuate rows dorsally, but on succeeding 
segments spicules restricted to ventral welts. Welt 2 with 3 interrupted straight rows of 
coarsely-rounded spicules and 2 such rows on welts 3—6 inclusive; welt 7 with a single 
long continuous row and anal region, including pre-anal welt, without spicules 
(Deeming, 1979). 

Puparium. Orange, appearing dull at low magnification but matt shining at higher 
power, with fine to rather strong granulations on metathorax and first abdominal 
segment and often increasingly transverse striate on succeeding segments. Interseg- 
mental margins sometimes with conspicuously broad bands of fine transverse striations 
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making these arcas appear darker reddish. Ventral abdominal wells at low power 
appearing merely as duller bands but at higher magnification (x 100) the transverse 
striations across the welts are seen to have minute crenulations (ca. 0.006 mm long). 
Pre-anal welt with similar spicules or perhaps merely micro-granulate. Anal plate with 
very narrow wings surrounded by rugose area. Caudal segment rounded behind, with 
low corrugations; perispiracular area matt; 5—7 prospiracular lobes. Anal spiracles less 
exserted than usual, shining black, separated by about width of one; slits sinuate, 
peripheral around the central scar. 

Cephalopharyngeal skeleton with massive 0b varying in ventral dentition. Hs and 
ph entirely fused, latter very heavily and uniformly sclerotised except on the some- 
what translucent floor which apparently lacks an sm, although in apical fifth are 8 
short longitudinal ridges. Length 4.00—4.54 mm. An.sp. 0.10mm. Ceph.skel. (0.19; 
0.52) = 0.71 mm. AB = 0.022—-0.025 (nm = 1). NB. The above description incorporates 
details from Deeming’s (1971, 1979) descriptions. 

Material studied. 19 with puparium, Makatini Falls, Natal (South Africa), iv.1969 
(BMNH). 

Biology. Deeming records larvae of varieties of this fly from shoots of guinea corn, 
Paspatum orbiculare and Setaria pallidefusca, noting that whilst a single larva normally 
occupies a shoot, occasionally 2 may be present, sometimes with larvae of an 
undescribed Oscinella. 

Affinities. A very variable species or possibly a species complex. It is not known if 
the unusual central location of the anal spiracular scar is constant in Jineata. 

Distribution. Afrotropical; Natal to north Nigeria and Uganda. 


Atherigona (s.str.) mitrata Séguy 
(figure 89 a—g) 


Puparium. Light-orange, smooth or very sparsely and finely transverse striate except 
in perispiracular region of caudal segment where closely and conspicuously striate. 
Segmental boundaries marked with very conspicuous bar-like knots. Ventral 
abdominal welts on segments |—7 with 3--4 continuous regular rows of very minute 
serrations close to front-margins of segments. Anal region, including pre-anal welt 
without discernible spicules (at x 100). Anal plate only clearly more sclerotised around 
anus, without narrow lateral wings; 9-10 prospiracular lobes. Anal spiracles barely 
protuberant, separated by at most width of one, black with almost straight slits, the 
median one suberect. See also Deeming (1971). 

Cephalopharyngeal skeleton uniformly heavily sclerotised with massive ob distinctly 
dentate beneath (3—6 teeth) and with separate sub. Length 5.88—6.50mm. An.sp. 
0.11—0.13 mm. Ceph.skel. (0.24; 0.67) = 0.91 mm. AB = 0.019—0.020 (# = 4). 

Material studied. 2d, 12 with puparia, Zaria, Samaru, coll. 30.v, em. 6.vi.70, ex 
shoot Pennisetum purpureum, J.C. Deeming; 19 Samaru Lake (Nigeria), coll. 23.v, em. 
30.v.70, ex Pennisetum purpureum, B. Yashim (BMNH). 

Biology. Recorded also from wild rice stems and once from Hyparrhenia cyanescens, 
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Figure 89. Atherigona (s.str.) mitrata: a, cephalopharyngeal skeleton from puparium showing also 
dorsal view of oral sclerites; b, puparium (dorsal view), showing detail of intersegmental suture; c, 
prospiracular process of puparium; d, detail of spiculation on ventral abdominal welt 4; e, caudal 
segment of puparium (ventral view); f, anal spixacle of puparium; g, head of ¢ adult (lateral view); 
A, (s.str.) negvit: h. cephalopharyngeal skeleton from puparium; i, puparium (dorsal view); j, 
perispiracular field of puparium; k, anal spiracle of puparium. (Scales: a, d, e, h, j 0.24 mm; b, i 
0.61 mm;c 0.05 mm; f 0.10 mm; k 0.12 mm) (Orig.). 
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this was mainly found in Pennisetum by Deeming in May and June, the adults 
occurring at other times of year at light and amongst lakeside grasses. 
Affinities. The largest species of sg. Atherigona, this is one of the most easily recog- 
nised species because of the peculiar shape of the head with its very wide parafacialia. 
Distribution. Afrotropical: Zimbabwe, Zambia, Cameroon and Nigeria. 


Atherigona (s.str.) naqvii Steyskal 
(figure 89 h—-k) 


Puparium. Very similar to oryzae but anal plate concolorous and very ill defined 
but appearing to be triangular, anal spiracles slightly smaller and less protuberant; 4—7 
prospiracular lobes. Cephalopharyngcal skeleton with ob less massive than in oryzae, 
not obscuring mh in lateral view. See also Deeming (1971). Length 2.91—3.35 mm. 
An.sp. 0.11 mm. Ceph.skel. (0.17; 0.56) = 0.73 mm. AB = 0.033 -0.038 (# = 2). 

Material studied. 16 with puparium, Udaipur (India), iv.69, on wheat, C.LE.; 16 
with puparium, Jeddah (Saudi Arabia), 67, ex seedling wheat, F. Ramadhan (BMNH). 

Biology. Pont (1972b) deals with the known hosts of this species which principally 
attacks wheat but is also recorded from Triticum aestivum, Zea mays, Hordeum 
vulgare, Arundinella metzii, Digitaria sanguinalis and Pennisetum typhoides: he draws 
attention to the considerable economic importance of this fly in many parts of its 
range. 

Distribution, Palaeotropical: Canaries to South Africa, India and Queensland 
(Australia). 


Atherigona (s.str.) laevigata (Loew) 
(figure 90) 


Puparium. Orange, matt to slightly shining, each segment with 1—3 transverse ridges 
and distinct bar-like knots along segmental boundaries but no sign of lateral or dorso- 
caudal muscle scars. No discernible spicules anywhere on body surface (at x 100) and 
ventral abdominal welts undifferentiated. Anal plate obscure, only the margins of anal 
pore thickened but slight concavity extends laterally to location of extra-anal papillae, 
these lacking. Caudal segment with very broad clear rim around perispiracular field, 
preceded by very conspicuous carinate folds; 6 prospiraclar lobes. Anal spiracles 
strongly exserted, separated by about the width of one, shining black with very slightly 
sinuate yellow slits around the subcentral scar. 

Cephalopharyngeal skeleton with ob not hiding mh in lateral view, with very small 
sub. Hs and ph entirely fused and ph narrowly translucent along floor and ends of pre 
and pdc. Length 4.54—5.10mm. An.sp. 0.12 mm. Ceph.skel. (0.18; 0.56) = 0.74 mm. 
AB = 0.023—0.026 (7 = 2). 

Material studied. 1d, 1? with puparia, Mugogo (Kenya), ii.58, ex Cynodon dactyion, 
I.W.B. Nye (BMNH). 

Biology. Deeming (1971) states that whilst this was one of the most abundant 
Diptera at Samaru (Nigeria), he did not locate the breeding sites. However he cites 
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Figure 90. Atherigona (s.str.) laevigata: a, cephalopharyngceal skeleton from puparium (note that 
apex of pve missing); b, puparium (dorsal view); c, caudal segment of puparium (ventral view); d, 
same (lateral view); e, same (posterior view); f, anal spiracle of puparium. (Scales: a, c—f 0.121mm; 
b 1.20 mm) (Orig.). 


records of Sorghum bicolor and Cynodon dactylon as known hosts. He also describes 
the courtship of this fly which involves wing and tarsal vibrations and brushing the 
trifoliate process over the females’ compound eyes. 

Distribution. Mainly Afrotropical: Cape Province (South Africa) to Nigeria, Egypt, 
Southwest Arabia and Seychelles. 


Atherigona (s.str.) boninensis Snyder (shibuyai Pont) 
(figure 91) 


Puparium. Mid brownish-red, matt due to dense fine granulations and close 
transverse striations. Abdominal segment | with about 2 ranks of short spicular rows. 
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Figure 91. Atherigona (s.str.) boninensis: a, cephalopharyngeal skeleton showing also dorsolateral 
view of oral sclerites and sub-hypostomal sclerite; b, puparium (ventral view); c, prospiracular 
process of puparium; d, caudal segment of puparium (posterior view); e, anal spiracle of puparium. 
(Scales: a, d 0.24 mm; b 0.61 mm; c 0.05 mm; e 0.12 mm) (Orig.). 


Ventral abdominal welts 2—7 with distinct short rows of spicules arranged diagonally 
across the welts, lateroventrally with about 2—3 ranks of shorter rows and medio- 
ventrally with some single spicules. Pre-anal welt with about 8 rows of spicules and 
several more widely spaced rows behind and around the lateral wings of the anal plate, 
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this strongly transverse. Caudal segment with abruptly smooth shining region separated 
from the enclosed perispiracular field by a strongly raised rim from which short ribs 
radiate forwards across the shining area; 13—14 prospiracular lobes. Anal spiracles 
exerted, separated from each other by at most the width of one, black with yellowish 
curved slits externally convex, around the subcentral scar. 

Cephalopharyngeal skeleton with ob not hiding mh in lateral view, conspicuously 
dentate beneath. Hs and ph completely fused and lacking suture; ph very heavily 
sclerotised except at apex of pyc which becomes progressively clearer distally and 
ventrally. Length 4.85—5.33mm. An.sp. 0.15—0.18 mm. Ceph.skel. (0.24; 0.68) = 
0.92 mm. AB = 0.031 —0.034 (” = 2). 

Material studied. 16, 19 with puparia, Makurazaki city, Kagoshima province, 
Kyushu (Japan), em. 28.vi. and 24.vii. 67, ex Saccarum officinarum L., Akira Tanaka 
(BMNH). 

Biology. Only recorded from Saccarum officinarum and Miscanthus sinensis (Pont, 
1972b). The biology is discussed by Shibuya & Tanaka (1969). 

Distribution. Only known from Japan, Ryukyu ls., Bonin Is., and Burma. 


Atherigona (s.str.) bedfordi Emden (humeralis of authors) 
(figure 92 a—f) 


Puparium. Light to dark reddish, matt due to rather dense, coarse granulation and 
transverse striations which are strongest on caudal segment behind. Ventral abdominal 
welts without discernible spicules (at x 100) but appearing as smoother non-striate 
regions behind segmental boundaries. Anal region and pre-anal welt densely rugose but 
without visible spicules; anal plate obscure but appearing as a small equilateral triangle; 
9—14 prospiracular lobes. Anal spiracles exerted, separated by more than width of one, 
black with yellowish curved, externally convex, slits, peripheral around central scar. 

Cephalopharyngeal skeleton with ob not hiding mh from lateral view, with 
conspicuous sub. Hs and ph entirely fused and uniformly sclerotised; pyc abruptly 
truncate distally, ph narrowly pales ventrally. Length 4.24—4.60 mm. An.sp 0.12— 
0.15 mm. Ceph.skel. (0.18; 0.64) = 0.82 mm. AB = 0.28—0.033 (n = 3). 

Material studied. 1 puparium coll. 26.v, em. 3.vi, ex Pennisetum purpureum shoot; 
1 puparium coll.23.v, em. 4.vi, ex Paspalum sp. shoot; 1 puparium coll.22.v, em. 2.vi, 
ex Sporobolus pyramidalis shoot, Zaria, Samaru (Nigeria), J.C. Deeming (BMNH). 

Biology. Emden (1940) and Deeming (1971) include the following additional host 
plants: Andropogon sorghum, wild rice (Oryza barthi), Hyparrhenia cyanescens, 
cotton and Trifolium alexandrinum. They also report the Pteromalid parasite Spalangia 
fallax Masi from the puparia. 

Distribution. Afrotropical: Nigeria to Madagascar, Egypt and Israel. 


Atherigona (s.str.) falcata (Thomson) 
(figure 92 g—i) 


Puparium. Light-reddish, very elongate with slightly stronger transverse striations 
on caudal segment than on preceding ones. Ventral abdominal welts invisible on single 














Figure 92. Atherigona (s.str.) bedfordi: a, cephalopharyngeal skeleton from puparium; b, puparium 
(dorsal view); c, prospiracular process of puparium, d, detail of spiculation of ventral abdominal 
welt 4 of puparium; e, caudal segment of puparium (ventral view); f, anal spiracle of puparium; A. 
(s.str.) falcata: g, cephalopharyngeal skeleton from puparium; h, puparium (dorsal view); i, anal 
spiracle of puparium; A. (s.str.) sp indet. (Queensland): j, cephalopharyngeal skelcton from 
puparium; k, puparium (ventral view); 1, anal spiracics of puparium. (Scales: a, g, i, j, 1 0.12mm; 
b, h, k 1.2 mm; c 6.5 mm; d, e 0.24 mm; f 0.10 mm) (Orig.). 
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specimen examined, but anal plate as in orientalis; 1|O—12 very long and slender 
prospiracular lobes. Anal spiracles on short processes, slit curved, convex externally. 

Cephalopharyngeal skeleton very like Jaevigata. Length 4.84—5.60mm. An.sp. 
0.16—0.22 mm. Ceph.skel. (0.19; 0.73) = 0.92 mm. AB = 0.033—0.039 (n = 4). 

Material studied. 2¢ with 4 puparia, Boonah, Queensland (Australia), 6.11.63 ex 
Japanese Millet, B. Cantrell (DPD). 

Biology. Pont (1972b) records the following host plants: Echinochloa frumentacea, 
colona and Stagnina, and Punicum sumatrense, and reports the discovery of an Eulophid 
parasite of the genus Aprostocetus. 

Distribution. Oriental to Australasian: India to China and Queensland (Australia), 
South Africa. 


Atherigona (s.str.) sp. indet. (Queensland) 
(figure 92 j--l) 


Puparium. Uniformly closely striate like Jongipalpis and apparently without 
spicules on body surface (at x 100) or any differentiated ventral abdominal welts. Anal 
plate obscure, the thickening restricted to margins of anal pore. Caudal segment more 
sparsely and irregularly transverse striate but those present strongly carinate; 8 very 
slender prospiracular lobes. Anal spiracles with slits almost straight, closely surrounding 
the median scar. 

Cephalopharyngeal skeleton unusually robust with ob apparently entirely fused 
with mh. Hs remarkably stout and wholly fused with ph which apparently has a very 
narrow sm. Length 3.81 mm. An.sp. 0.21. Ceph, skel. (0.22; 0.67) = 0.89 mm. AB = 
0.055 (n = 1). 

Material studied. 1? with puparium, Jondanaryan, Queensland (Australia), 24.iii.75, 
larva ex white French Millet with white head, B. Cantrell (DPI). 


Atherigona (s.str.) gilvifolia Emden 
(figure 93 a—d) 


Puparium. Brownish-red, matt shining, very closely transverse striate except on 
metathorax and abdominal segment 1 where surface sculpture of irregular micro- 
rugosities is most conspicuous. Ventral abdominal welts undifferentiated, ventral 
surface being uniformly transverse corrugate from segment 2 onwards. Anal plate with 
narrow wings, Caudal segment with irregular, partly angulate folds which may be sub- 
foliate around perispiracular field; 9-10 prospiracular lobes. Anal spiracles shining 
black, distinctly exerted but the black bases not contiguous. 

Cephalopharyngeal skeleton with ob massive, almost hiding mh from lateral view, 
variable in ventral dentition and with associated sub. Ph and hs fused, uniformly 
sclerotised but floor of ph very slightly paler and with perhaps a suggestion of an sm. 
See also Decming (1971). Length 4.68—5.15 mm. An.sp, 0.15—0.17 mm. Ceph.skel. 
(0.21; 0.73) = 0.94mm. AB = 0.032—0.033 (v = 2). 





Figure 93. Atherigona (s.str.) gilvifolia: a, cephalopharyngeal skeleton from puparium; b, prospirac- 
ular process of puparium; c, caudal segment of puparium (ventral view); d. anal spiracle of 
puparium; A. (s.str.) ponti: e, cephalopharyngeal skeleton from puparium, showing also ventral 
view of oral bar; f, hypopharyngeal and pharyngeal sclerite (ventral view); g, prospiracular process 
of puparium; h, caudal segment of puparium (ventral view); i, anal spiracle of puparium. (Scales: 
a, c,e, f 0.24 mm; b, g,i 0.10 mm; d 0.12 mm; h 0.49 mm) (Orig.). 
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Material studied. 1d, 19 with puparia, Nakuru (Kenya), 20.vii.57, ex Eleusine 
coracana |.W.B. Nye (BMNH). 
Distribution. Afrotropical: Uganda and Nigeria. 


Atherigona (s.str.) ponti Deeming 
(figure 93 e—i) 


Puparium. Pale orange-yellow, translucent, matt shining, finely transverse striate 
and slightly to densely granulate, especially distally. Ventral abdominal welts undif- 
ferentiated and surface of body devoid of discernible spicules (at x 100). Anal region 
rugose, with triangular anal plate apparently restricted to anal margins. Caudal segment 
granulose and irregularly, angularly folded and more densely so around the slightly 
recessed perispiracular field; 5—7 prospiracular lobes. Anal spiracles black, slightly 
exserted and separated by less than width of one; slits almost straight, yellowish, 
arranged in triangle around median scar. 

Cephalopharyngeal skeleton with massive ob almost hiding mh from lateral view 
and with distinct ventral teeth. Hs and ph completely fused, without suture; ph with- 
out sclerotised anterior ventral arch, pve with heavily sclerotised area truncate behind, 
as in bedfordi. See also Deeming (1971). Length 3.45-3.70mm. An.sp. 0.07— 
0.10 mm. Ceph.skel. (0.15; 0.46) = 0.61 mm. AB = 0.020--0.027, (# = 3). 

Material studied. 19 with puparium, coll. 12.vii, em. 19.vii.67, ex millet shoot; 19 
with puparium, coll. 12.i, em. 24.i; 16 with puparium, coll. 9.viii, em. 18.viii.68, Zaria, 
Samaru (Nigeria), J.C. Deeming (BMNH). 

Biology. Apart from millet, Deeming also records this from guinea corn, and 
mentions two Eulophid pupal parasites (Aprostocetas and Meilittobia). 

Distribution. Afrotropical: only known from type-locality (Zaria, Samaru, Nigeria). 


Atherigona (s.str.) oryzae Malloch 
(figure 94) 


Puparium. Reddish-orange, slightly to strongly shining, strongly transverse striate 
throughout and finely granulate, most densely on the swollen abdominal segment 1 
where transverse striations almost absent. Pleural sclerites and ventral abdominal welts 
sometimes devoid of striations, or these deflected on welts which appear (at x 100) 
devoid of spicules. Anal plate darker, very distinct and coarsely rugose but without 
discernible spicules or papillae behind. Caudal segment with raised carinate rugae 
encircling perispiracular field; 7—8 long slender prospiracular lobes. Anal spiracles 
black, strongly exserted from black bases; slits very slightly sinuate or curved around 
median scar. Pupal horns fine, about 0.12 mm long. 

Cephalopharyngeal skeleton with 06 massive, mh hidden from lateral view but in 
dorsal aspect appears as a curved tooth on the upper inner edge of the ob. Hs and ph 
fused but with distinct linear suture; prc with sclerotised part abruptly truncate 
behind (as in previous species and bedfordi). Length 3.70—4.10mm. An.sp. 0.13— 
0.14mm. Ceph.skel. (0.16; 0.78) = 0.94 mm. AB = 0.034—0.035 (n = 2). 
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Figure 94. Atherigona (s.str.) oryzae: a, cephalopharyngeal skeleton from puparium, showing also 
inner side of oral sclerites; b, puparium (ventral view); c, puparium (anterior view of thoracic cap); 
d, prospiracular process of puparium; e, caudal segment of puparium (posterior view); f, same 
(lateral view); g, anal spiracle. (Scales: a, e 0.24 mm; b 0.16 mm;c, f 0.5 mm; d, g 0.12 mm) (Orig.). 


Material studied. 1¢ with puparium, Bumayong (New Guinea), coil. 28.x, em. 14.xi. 
68, on rice, coll. C.S.L.; 19 with puparium, Vearata-Cho, Kagoshima city, Kyushu 
(Japan), 10.ix.66, host plant Digitaria adscendens, Akira Tanaka (BMNH). 

Biology. Pont (1972b) discusses the biology of this important pest in some detail. 
Up to 22 eggs may be laid in an ovarian cycle which can commence when a female 
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is upwards of a week old, and the eggs are laid singly on the host plant. They hatch in 
14—4 days into first instar larvae which bore into the plant, reaching maturity in 6-18 
days when they pupariate near the base of the stem or in the surrounding soil. 5— 
12 days later the adults hatch and are able to mate a few days later. The species is 
very susceptible to dessication and hence is most active during the rainy season when 
80% infestation may occur. Seedlings of 2—4 weeks old are favoured for oviposition. 
Whilst rice (Oryza sativa) is preferred, the species also commonly attacks maize (Zea 
mays) and wheat (Triticum aestivum) and has been recorded less frequently from 
Digitaria adscendens, Heteropogon contortus and Paspalum scrobiculatum. Some 
additional host plants recorded in the literature are regarded as doubtful by Pont 
whose account should be consulted for further details. 

Distribution. Oriental-Australasian; Rajasthan (India) to Japan, Caroline Islands and 
New South Wales (Australia). 


Atherigona (s.str.) soccata Rondani 
(figure 95) 


Larva, Instar 3: white to cream with fewer oral grooves on facial mask than in 
lineata, there being only 2 initial ridges emanating from each side of oral opening, and 
towards their outer extremities the ridges lack the strong posterior serrations of 
lineata. Prothoracic spine-band with 9 close-set continuous rows of spicules dorsally 
and laterally, but ventrally with 10 rows, followed after a gap by 5 rows; mesothorax 
with 4—5 widely spaced rows dorsally, 3—4 laterally and 5—6 ventrally (where more 
close-set); metathorax with 4 rows dorsally, 3—4 laterally and ventrally; abdominal 
segment 1, 3—4 widely spaced dorsally, 3 laterally and 1—4 ventrally; segment 2, 3-4 
widely spaced dorsally, 1—2 laterally and |—3 ventrally; segment 3 dorsally with 2 
widely spaced, 1—2 laterally and 2 -4 ventrally; segment 4 and 5, 1—2 widely spaced 
dorsally, 1—2 laterally and 2—3 ventrally; segment 6 dorsally and laterally with | 
interrupted row, 2—4 ventrally; segment 7 without rows dorsally or laterally but 2—4 
ventrally; segment 8 with 3—4 ventrally (on pre-anal welt). From abdominal segments 
3—6, lateral series discontinuous and front groups of rows on welts 4—6 discontinuous. 
Length 10 mm (Deeming, 1971). 

Puparium. Orange-yellow, distinctly shining though finely, sparsely transverse 
striate very much narrower behind than in orientalis. Ventral abdominal welts with 
discernible spicules (at x 100) and anal plate distinct, strongly transverse; 10—11 
prospiracular lobes. Anal spiracles strongly exserted, shining black, separated by at 
most width of one; slits yellowish, curved, externally convex, surrounding median 
scar. 

Cephalopharyngeal skeleton with massive ob, hiding mh in lateral view. Hs and ph 
fused, lacking suture. Length 4.2mm. An.sp. 0.16mm. Ceph.skel. (0.18; 0.76) = 
0.94 mm. AB = 0.037 (# = 1). 

Material studied. 1 puparium, without locality (BMNH). 

Biology. The biology of this major pest of sorghum is fully discussed by Pont 
(1972b) and Deeming (1971). The female lays a maximum of 39 eggs, presumably the 
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Figure 95. Atherigona (S.stt.) soccata. a, cephalopharyngeal skeleton from puparium; b, puparium 
(dorsal view); c, same (ventral view); d, same (anterior view); e, perispiracular field of puparium. 
(Scales: a, e 0.12 mm; b, c 1.2 mm; d 0.3 mm) (Orig.). 


full complement of one ovarian cycle; they are laid singly during early morning on 
young leaves of sorghum seedlings, and Deeming found that whilst more than one 
female may lay on a particular seedling, only one larva is ever found per plant. He 
states that whilst the Atherigona may be found singly or in twos, they are often in the 
company of various Chloropid, Milichiid and Lonchaeid larvae, some of which are 
phytophagous and some saprophagous. Clearly, the feeding habits of Atherigona s.str. 
larvae require further study. It has been shown that they feed mainly on decaying 
plant matter, being unable to survive on live plant tissue alone. On entry the young 
larva severs the main shoot which then decays above the incision. Pupariation occurs in 
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the plants or the soil, and the life cycle takes some 2—3 weeks, subject to temperature 
and humidity. Under optimum conditions 15 generations have been recorded annually 
in Pakistan. 

Whilst sorghum is the main host plant, the recorded hosts in Africa given by 
Deeming include Andropogon sorghum, Sorghum halepense and verticillatum, Zea 
mays, Eleusine coracana, Pennisetum typhoides, Brachiaria busantha, Panicum 
miliaceum and miliare, and Desmastachya bipinnata. Pont draws attention to the fact 
that, whilst it has long been recognised as a major pest of sorghum in India, the 
seriousness of its attacks has increased in recent years. 

Recorded parasites include Trichogramma evanescens (West.) on eggs, and Phyga- 
deuon sp., Diplazon bizonarius (Grav.), Alysia sp., Pachyneuron sp. and Exoristobia 
deemingi Subba Rao on larvae and puparia. 

Reference should also be made to the papers collected by Jotwani & Young (1973), 
and to the recent volume of Insect Science and its Application (vol. 2, Nos. 1/2, 1981) 
devoted to sorghum shootfly. 

Affinities. | am following Pont in regarding this as a species distinct from varia 
(Mg.). Hennig (1961) regarded soccata as a variety of varia and Deeming followed him. 

Distribution. Mainly Palaeotropical; Kenya to the Azores, to southern France, 
northern Italy and eastwards to Thailand. 


Atherigona (s.str.) hyalipennis Emden 


Biology. Emden (1958) records that Dr Hugh Scott found a large hovering swarm 
just after midday by the shade of a rock face in Eritrea. Deeming (1971) states that 
specimens in the British Museum (Nat. Hist.) collection were reared from sorghum, 
cereals and grasses in Salisbury (Zimbabwe) on 9.ii.1921, and Alemaya (Ethiopia) 
from Poa abyssinica on 19.ix.1962. I have not seen these specimens. 

Distribution. Afrotropical: Zimbabwe to Cape Verde, Senegal, Ethiopia and Eritrea. 


Atherigona (s.str.) longifolia Emden 

Biology. Reared by Deeming (1971) from shoots of Rhytachne rottboellioides from 
Samaru lake. 

Distribution. Afrotropical: Ruwenzori and Nigeria. 
Atherigona (s.str.) humeralis (Wiedemann) (ferruginea Emden) 

Biology. Adults were recorded on Trifolium alexandrinum in Sudan but larval host 
plant not ascertained. 

Distribution. Afrotropical: Sudan and Cape Verde. 


A therigona (s.str.) sp. (nt. ancora Deeming) 


Biology. Deeming (1971) reared this from deadheart shoots of Andropogon gayanus 
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y. bisquamulatus, Hyparrhena dissoluta and Rhytachne rottboellioides at Samura 
(Nigeria). 


Atherigona (s.str.) albistvla Deeming 


Puparium. Surface with scattered transverse striations and fine granulations; 7—8 
prospiracular lobes. Anal spiracles black, weakly exserted, their basal aureoles separated 
by 4 the width of one, and set in slight perispiracular depression. 

Cephalopharyngeal skeleton with massive 06 hiding mh from lateral view, and with 
strong ventral teeth. Length 3.1 mm (Deeming, 1971). 

Biology. Deeming reared this from shoots of Brachiaria xantholeuca at Samaru. 

Distribution. Afrotropical: only known from type-locality at Samaru (Nigeria). 


Atherigona (s.str.) simplex (Thomson) 


Biology. Pont (1972b) confirms Paspalum scrobiculatum as a host plant and sug- 
gests this may be the principal host. 

Distribution. Oriental- Australasian: Nepal to Kiangsu (China), Taiwan, Philippines 
and Queensland (Australia). 


Atherigona (s.str.) approximata Malloch 


Biology. Pont (1972b) confirms cumbu, Sorghurn bicolor and Pennisetum typhoides 
as host plants. Ballard & Ramachandra Rao (1924) found that the egg stage lasts 14—2 
days, larval stage 7—9, and puparial 6 days, and that both seedlings and mature plants 
are attacked. 

Distribution. Oricntal: India. 


Atherigona (s.str.) pulla (Wiedemann) 


Biology. Pont (1972b) confirms Panicum miliaceum and sumatrense and Paspalum 
scrobiculatum as host plants. 

Distribution. Oricntal, Afrotropical, Palaearctic: Mysore and Tamil Nadu (India) 
and Sri Lanka, to Yunnan (China); South Africa to Sudan and Nigeria; Mediterranean 
subregion. 


Atherigona (s.str.) atripalpis Malloch 
Biology. Pont (1972b) confirms only Setaria italica and glauca as host plants. 
Affinities. Closely related to biseta Karl (E. Palaearctic). 
Distribution. Oriental: Nepal to Sri Lanka east to Honan and Chekiang (China). 


Atherigona (s.stt.) biseta Kar] 


Biology. Wenn (1964) details the biology of this fly and gives Setaria viridis, faberii, 
italica and glauca, but Pont (1972b) thinks Wenn’s species may have been a@tripalpis. 
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According to Wenn the species is bivoltine and the female lays up to 41 eggs during an 
ovarian cycle. Mature larvae hibernate and pupariate in late May. Like all Atherigona 
the species favours high humidity. 

Distribution. East Palaearctic: Taiwan through eastern China to Manchuria. 


Atherigona (s.str.) miliaceae Malioch 


Biology. Pont (1972b) confirms Panicum miliaceum and sumatrense as host plants. 
Distribution. Oriental: India. 


Atherigona (s.str.) punctata Karl 


Biology. Pont (1972b) confirms this species from Triticum aestivum. 

Affinities. Pont notes that this very closely resembles miliaceae but is only known 
in the male sex. 

Distribution. Oriental: Tamil Nadu to West Bengal (India), Sri Lanka and Taiwan. 


Atherigona (s.str.) integrifemur Emden 


Biology. Emden (1940) records this species breeding in Bamboo. 
Distribution. Afrotropical: Limuru (Kenya). 


Subfamily MY DAEINAE 
(figure 96—107) 


Ova. Mydaea-type (except in Papuaia), with respiratory horns very variable in 
length, sometimes longer than the egg itself but in other specics barely surpassing 
apices; free edges sometimes short-papillose. Length 1.25—3.1 mm; 1—30 ovarioles. 

Larvae. Dimorphic to monomorphic obligative carnivores of generalised form. 
Instar 3 with at most the thoracic segments bearing complete anterior spicule bands 
and ventral abdominal welts with 2—4 rows of spicules, 3—10 prospiracular lobes. Anal 
spiracles minute to rather large, scar median, slits straight to slightly sinuate, more 
rarely bowed (Helinomydaea flavofusca) or serpentine (Dimorphia), parallel to slightly 
convergent, but strongly convergent in Myospila superba and peripheral in Helino- 
mydaea flavofusca. 

Cephalopharyngeal skeleton heavily sclerotised, often massive. Aco always well 
developed and pvc often dorsally angulate. Length of mature larvae 5.5—12 mm. An.sp. 
0.05—0.20 mm. Ceph.skel. 0.52—1.30 mm. 

Puparia. Of generalised form but often with slight but distinct constriction across 
level of pupal horns; these sometimes very long and thick. Length 3.15—7.5 mm. AB = 
0.012—0.033. 

Biology. The commonest larval habitats are mammalian dung and rotting fungi but 
rotting fruit are commonly utilised by tropical Myospila species. Several species have 
been reported as important controllers of noxious fly populations. 
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Affinities. This subfamily is not readily separated from the Reinwardtiinae on the 
grounds of larval morphology and biology, and some of its more primitive elements 
(e.g. Helinomydaea) could belong in either subfamily. Cocoon formation prior to 
pupariation is common in both subfamilies but a curious mydaeine trait, not known 
in the Reinwardtiinae, is the long-horned egg. The Mydacinac are arbitrarily separated 
from the Limnophorini, whilst the phaoniine tribe Brontaeini should probably be 
transferred to the Mydaeinae. Hennig (1965) suggests that Hebecnema and Dimorphia 
are amongst the most primitive mydaeines, the latter being possibly close to Metopom- 
yia. In fact the morphology of the larval mouthparts suggests that Hebecnema may 
have more affinity with lower elements of the Limnophorini. The Mydaeinae have 
been admirably surveyed by Vockeroth (1972) and [ am following his classification 
here. 

Distribution. Almost cosmopolitan but absent from the more remote island groups 
and from the coldest regions. 


Genus Helinomydaea Vockeroth 
(figure 96) 


Ova, Unusually broad with narrow hatching pleats extending far beyond egg to 
form long narrow smooth-edged respiratory horns about as long as the egg and 
strongly curved apically; towards opposite pole the pleats become evanescent. Dorsal 
strip anteriorly faintly produced but anterior quarter or so has an elongate low though 
distinct convexity which is papillose or reticulate. Distally dorsal strip with faint 
sculpture of elongate hexagons. Hatching pleats and horns, ventral and lateroventral 
surfaces smooth or nearly so but anteromedian horn with hexagonal reticulation. 
Length 1.25—1.5 mm. 

Larvae. Dimorphic facultative carnivores (see below under fuscoflava). 

Puparia. See below under fuscoflava. 

Biology. See under fuscoflava. 

Affinities. Vockeroth is uncertain whether this genus belongs in the Mydaeinae or 
the Phaoniinae but favours the former because of the setose node of Ry,;, the very 
short barely sclerotised @ cerci and the long-horned egg. The cephalopharyngeal 
skeleton however suggests strong affinity with the Reinwardtiinae, being of very 
primitive structure, and indeed this genus may be the most archaic in the Mydaeinae. 
Verrar’s Helina species 1 and 2, tentatively referred to fuscoflava Malloch by Pont 
(in Ferrar, 1979a), undoubtedly belong to Helinomydaea, but his Helina 3 and 4 
which Pont provisionally identified as flavofusca Malloch are very different and 
possibly belong to a related but undescribed genus. Vockeroth examined both of 
Malloch’s species and considered them closely related to his 2 Papuan Helinomydaea, 
so [ am including them here. The Australian species are remarkable in being the only 
known muscids with facultative carnivorous larvae which are dimorphic. 

Distribution. Australasian: Papua New Guinea to Tasmania. 


Helinomydaea acrostichalis Vockeroth 


Ovum. Respiratory horns as long as egg and hardly thickened basally, so very 
slender throughout. Anteromedian horn about 0.07 as long as egg, and anterodorsal 
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convexity about 0.02 as long, ill defined, with surface coarsely papillose. Length about 
1.5 mm (excluding horns). About 4 ovarioles (Vockeroth, 1972). 

Biology. The long respiratory horns imply a soft substrate, perhaps fresh dung. The 
larva may hatch in the first instar, since Vockeroth found no sign of developing larvae 
in 4 eggs dissected from a gravid female. 

Distribution. Papua New Guinea; mountains from 1590—2720 m. 


Helinomydaea punctiventris Vockeroth 


Ovum. Differs from acrostichalis in shorter respiratory horns (about 0.8 as long as 
egg) which are strongly thickened basally. Anteromedian horn slightly longer (about 
0.1 as long as egg). Anterodorsal convexity more elevated and about 0.25 as long as 
egg, with surface coarsely irregularly reticulate. Length 1.4—1.5 mm (excluding horns) 
(Vockeroth, 1972). 

Distribution. Papua New Guinea; from sea level to 1700 mm. 


Helinomydaea fuscoflava (Malloch) 


Ovum. Antermedian horn and anterodorsal convexity absent. Respiratory horns 
very long and slender throughout, somewhat longer than egg. Length 1.5-1.7mm, 
horns 2mm. 

Larva. Instar 2: oral cavity laterally with conspicuous denticular row. Ventral 
abdominal welts with many small concolorous spicules. Anal plate large, protuberant 
but without papillae behind; about 12 prospiracular lobes. Cephalopharyngeal skeleton 
strongly resembling Muscina in the strongly uncinate ds, the very long, apically 
widened mh, strong denticular row, and the form of the As and ph. Length 2.3— 
2.9mm. Instar 3: whitish with antennomaxillary complex and postoral spines 
brownish, and a row of blackish teeth on each side of oral opening. Ventral abdominal 
welts with concolorous spines. Anal plate protuberant with anal and subanal papillae; 
about 10 prospiracular-lobes. Anal spiracles black, contiguous, with convergent slits. 

Cephalopharyngeal skeleton with ms greatly dilated basally, with strong mac, blunt, 
closely apposed mh, conspicuous sm and acute dorsal tooth on prc. Ph massive; por 
absent. Length up to 9.7 mm (Ferrar, 1979a, as Helina sp. 2) 

Puparium. Extremely similar to next species but with concolorous anal plate. 
Length 3.90—5.45 mm. An.sp. 0.12—0.15 Ceph.skel. (0.18; 0.13; 0.56)—(0.22; 0.16; 
0.68) = 0.85—1.03 mm. (7 = 11). 

Material studied. 12 with 11 puparia, 11 km south of Urriara, A.C.T. (Australia), 
6.iv.76, cow dung, P. Ferrar (ANIC). 

Biology. Eggs laid singly in fresh cow dung, the egg being pushed into the dung 
with the horns resting along the surface. The larva leaves the egg in the second instar, 
via the posterior instead of anterior pole, and rapidly attains the final instar when it 
becomes highly carnivorous and cannibalistic. In the absence of prey however it feeds 
on dung alone and indeed dung is always present in the gut. Pupariation occurs in the 
soil directly beneath the dung (Ferrar, 1979a). 

Affinities. Tentatively identified as fuscoflava by Pont (in Ferrar, |.c.). Vockeroth 
regards fuscoflava as belonging to Helinomydaea and the cgg structure would support 
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this view. In the structure of the larval mouthparts this species strongly resembles 
some of the Reinwardtiinae but the egg structure suggests the Mydaeinae. H. fuscoflava 
is possibly the only known muscid in which the larva is a dimorphic facultative 
carnivore. 

Distribution. Australia: Tasmania to A.C.T. 


Helinomydaea sp. near fuscoflava 
(figure 96 a—e) 


Ovum. Very like fuscoflava but slightly larger though with relatively slightly shorter 
respiratory horns. Length |.9 mm, horns 2mm (Ferrar, 1979a, as Helina sp. 1). 

Larva. \nstar 3: very like fuscoflava but rather smaller, with about 8 prospiracular 
lobes and slightly less convergent anal spiracular slits. Length up to 8.4mm. 

Puparium. Matt, dull to slightly shining, brownish-red, microrugose and slightly 
transverse striate, with scgmental margins and muscle scars marked by conspicuous 
cuticular knots. Ventral abdominal welts 2—8 with 3—4 rows of very transverse, 
concolorous spicules. Anal plate very transverse, blackish, with vestiges of subanal 
papillae behind. Prospiracular processes prominent, giving an eared appearance to 
prothorax; 8 prospiracular lobes. Anal spiracular black, on black aureoles; slits pale 
yellow, convergent. No external pupal horns. Length 4.85—5.51 mm. An.sp. 0.16— 
0.17 mm. Ceph.skel. (0.20; 0.14; 0.61) = 0.92 mm. AB = 0.031 —0.033 (7 = 6). 

Material studied. 6 empty puparia, without locality (ANIC). 

Biology. As in fuscoflava; another forest species (Ferrar, 1979a). 

Affinities. Differs from fuscoflava in having 6 rows of presutural acrostichals and 
entirely yellow front femora. The few differences noted above in larval characters may 
be due merely to the limited material examined. 

Distribution. Australia: New South Wales and southeast Queensland Perla) 


Helinomydacea flavofusca (Malloch) 
(figure 96 f—i) 


Ovum. Differs from preceding species in the much shorter, straighter, distally sub- 
clavate respiratory horns. Anteromedian horn absent but anterodorsal convexity with 
distinct coarse reticulations. Length 1.6—1.7 mm, horns 0.4 mm (Ferrar). 

Larva, \nstar 2: ventral abdominal welts with distinct transverse rows of dark 
spicules. Anterior spiracles not opening to exterior surface. Cephalopharyngeal 
skeleton with mH and ds similar to fuscoflava but hs and ph greatly reduced, probably 
due to weak sclerotisation. Length 1.8—2.6mm. Instar 3: whitish-yellow with anten- 
nomaxillary complex and postoral spinose area brownish. Ventral abdominal welts 
with concolorous spicules. Anal plate slightly swollen, with small extra-anals, subanals 
and a postanal papilla; 8-10 prospiracular lobes. Anal spiracles blackish, subcon- 
tiguous, with slits small, slightly sinuate, peripheral. 

Cephalopharyngeal skeleton quite different from fuscoflava; ms not dilated basally 
and lacking mac, sub present; hs and ph relatively more elongate, latter with broader 
dorsal] tooth on pyc; sm present (Ferrar, 1979a, as Helina sp. 3). Length up to 5.5 mm. 

Puparium. Orange-red, almost matt and very finely rugose. Ventral abdominal welts 
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Figure 96. Helinomydaea sp. nr. fuscoflava: a, cephalopharyngeal skeleton from puparium, b, 
puparium (dorsal view); c, detail of spiculation on ventral abdominal welt 7 of puparium (note that 
the dotted line corresponds with the medioventral line); d, caudal segment of puparium (ventral 
view); e, anal spiracles of puparium; H. flavofusca: f, cephalopharyngeal skeleton from puparium; 
g, caudal segment of puparium (latcral view); h, same (posterior view); i, anal spiracles of puparium. 
(Scales: a, c, e, g, h 0.24 mm; b 1.00 mm; d 0.61 mm; f 0.10 mm; i 0.12 mm) (Orig.). 
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i—8 with 2—3 transverse rows of large concolorous spicules. Anal plate conspicuous, 
darkened and rather protuberant; 8 prospiracular lobes. Anal spiracles contiguous, on 
common black base, strongly protruding and separated by about half the width of one; 
slits arcuate, peripheral. No external pupal horn. Length 4.48mm. An.sp. 0.10— 
0.12 mm. Ceph.skel. (0.18; 0.17; 0.44) = 0.78 mm. AB = 0.022—0.027 (n = 2). 

Material studied. 2 puparia, without locality (ANIC). 

Biology. On reaching the second instar the larva, which initially has its head at the 
front end of the egg, turns round inside the egg so that its anal spiracles face the 
anterior micropyle. Thus it remains until after its second ecdysis when it breaks 
through the posterior pole of the egg. In nature the egg is upright in the dung with the 
respiratory horns and the anterodorsal convexity exposed to the air. On escaping from 
the egg the larva descends into the dung where it lives as an obligative carnivore, 
turning to cannibalism if necessary. The gut contains very little dung and growth is 
negligible if live food is not available. Pupariation occurs in the soil beneath the dung. 
It is only known to breed in cow dung (Ferrar, 1979a). 

Affinities. Diffcring in many respects from the preceding species, this probably 
belongs to a closely related undescribed genus. The greatly reduced cephalopharyngeal 
skeleton of the second instar larva and the absence of prospiracular processes of that 
instar, doubtless result from the unusual early life of the larva, spending its first two 
instars inside the egg. The third instar larval mouthparts are less archaic than in 
fuscoflava but the pharyngeal sieve remains, despite the fact that the larva is apparently 
an obligative carnivore. Another very strange feature is the arrangement of the anal 
spiracular slits. The peripheral arrangement is common in Reinwardtiinae, Atheri- 
goninac, Muscinae and Stomoxyinae but very rare in the other subfamilies. 

Distribution. Australia: Sydney and Urriara (A.C.T.), in wet sclerophyll forest. 


Helinomydaea sp. near flavofusca (Malloch) 


Ovum. Very like flavofusca but with anterior third, including respiratory horns, 
strongly blackened. Length 1.8 mm, horns 0.4 mm. 

Larva. Instar 3: very like flavofusca but without subanal and postanal papillae and 
with only about 7 prospiracular lobes. Length up to 5 mm (Ferrar, 1979a, as Helina 
sp. 4). 

Biology. As in flavofusca (Ferrar, 1979a). 

Distribution. Australia; Urriara station (A.C.T.), in wet sclerophyll forest. 


Genus Papuaia Malloch 


Ovum. Very large and of Phaonia-type with hatching pleats terminating before 
apices and with free edges slightly irregularly crenulate. Micropyle unusually large. 
Length about 2—3.2 mm. 1 ovariole. 

Biology. Vockeroth (1972) dissected females of asternata Vockeroth, curvinervis 
(Stein) and marginata (Stein) and found that each contained only a single egg. In 
several of these were found final instar larvae along with exuviae of second instar, so it 
appears that the females of Papuaia generally deposit either eggs which give rise to 
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final instar larvae, or they are viviparous. In any event these flies appear to be 
monomorphic, and hence presumably obligative carnivores. Vockeroth also notes that 
the ovipositor is very unusual in having the sternites greatly reduced (sternite 8 some- 
times absent) and he suggests that this may be an adaptation for depositing the very 
large egg or an advanced larva, this being dropped onto the substrate rather than 
inserted into it. The adults have often been taken at light. 

Affinities. According to Vockeroth this genus is unusual in the greatly reduced 
sternites of the female postabdomen, presumably a modification for the special 
problems of oviposition. The egg is unusual in completely lacking any of the normal 
respiratory horns typical of the Mydaeinae and indeed it conforms well to the Phaonia- 
type. 

Distribution. Papua New Guinea, ascending to 1850 mm. 


Genus Gymnopapuaia Vockeroth 


Ovum. Of the mydaeine-type with long lateral and median anterior apical horns, the 
free edges of which are denticulate or papillose. The relative length of the horns varies: 
in /aterohirta Vockeroth and diffidentia Vockcroth they are about one third as long as 
the egg, in sexvitrata Vockeroth only one sixth. Length not given but presumably 
smaller than in Papuaia. Up to 8 ovarioles. 

Biology. Vockeroth (1972) found that there were up to 8 ovarioles in female 
Gymnopapuaia and that there appeared to be no sign of a recognisable larva in any of 
them. From this fact he infers that the species of this genus are probably oviparous 
and perhaps trimorphic. Adults of several of the species have been taken on human 
faeces. 

Affinities. According to Vockeroth (1972) the adults closely resemble’ those of 
Papuaia but differ strongly in the structure of the ovipositor and the egg. He recognises 
26 species of Gymnopapuaia, including 3 main species groups. (He figures the egg of 
albicornis, and describes those of clavipalpis and 4 species of the clivata group. In one 
of these (clivata) the edges of the hatching pleats and median horn are almost smooth, 
in another (sexvittata) they are very short (about one sixth as long as the egg). The 
median horn is very slightly longer than the laterals in clavipalpis. 

Distribution. The genus is best represented in Papua New Guinea but also extends 
to Cairns (Queensland), Solomon Islands, Bismarck Archipelago and Palau and 
Tanimbar Islands. 


Gymnopapuaia bicincta (Stein) 
(figure 97 a -d) 


Puparium. Deep-red, matt shining, very finely transverse striate and microrugose; 
the intersegmental boundaries and muscle scars marked with cuticular knots. Caudal 
segment more densely sculptured, finely strigose all over with rugae encircling the anal 
spiracles. Ventral abdominal welts 2—7 each with about 6 transverse rows of very long, 
curved, black-tipped spines, interrupted along mid-ventral line and ending at lower 
corner of pleural sclerites. Pre-anal welt with about 6 such rows. Anal plate distinct, 
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very finely longitudinally striate. Anal spiracles very small, black, on black basal 
elevations whose edges are very slightly recessed; slits dull yellowish, subparallel. Pupal 
horns shining black, ca. 0.2 mm long. 
Cephalopharyngeal skeleton with very angular dorsal tooth on pyc. Length 6.36 mm. 
An.sp. 0.08 mm. Ceph.skel. (0.21; 0.16; 0.76} = 1.07 mm. AB = 0.012 (n = 1). 
Material studied. 1 empty puparium, flimo, Northern District (Papua New Guinea), 
27.xii.70, ex Pantorhy tes albopunctatus Channel (Coleoptera), G. Baker (BMNH). 
Affinities. A rather aberrant species by virtue of the very strongly spinose ventral 
abdominal welts, subparallel anal spiracular slits and the strong tooth on the pve. 
Distribution. Papua New Guinea. 
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Figure 97. Gymnopepuaia bicincta: a, cephalopharyngeal skeleton from puparium; b, detail of 
spiculation on ventral abdominal welt 4 of puparium; c, anal plate of puparium; d, anal spiracles 
of puparium; Mydaea ancilla: e, cephalopharyngeal skeleton from puparium; f, puparium (dorsal 
view); g, anal spiracles of puparium. (Scales: a 0.13 mm; b, c 0.24mm;d 0.08 mm; e 0.10 m; f 
1.25 mm; g 0.12 mm). (e—g after Keilin, 1971, rest orig.). 
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Genus Papuaiella Vockeroth 


Papuaiella ponti Vockeroth 


Ovum. Resembling Gymnopapuaia but with hatching pleats only about one 
fifteenth as long as egg, broader hatching pleats and rows of dark diamond-shaped 
markings on chorion of dorsal strip. Hatching pleats coarsely, remainder of lateral 
and ventral surfaces of egg more finely, reticulated. Length 1.4—1.85 mm (estimated). 
About 4 ovarioles? (Vockeroth, 1972). 

Biology. Vockeroth found 4 eggs in one female but none showed signs of 
developing larva. Pabulum unknown. 

Affinities. Very close to Gymnopapuaia but with hairy subalar ridge and ovipositor 
with reduced laterosternites on segment 8. 

Distribution. Papua New Guinea; mountains from 760—1850 m. 


Genus Chaetopapuaia Vockeroth 
Chaetopapuaia setifrons Vockeroth 


Ovum. Unusual in having very wide hatching pleats, each nearly as wide as dorsal 
strip between pleats. At each pole the bluntly-pointed pleats barely project beyond the 
flattened apex of the median dorsal strip with which they are united on their inner 
edges. Dorsal strip with very distinct hexagonal reticulation, finer on the pleats and 
very obscure ventrally. Length about 2mm (estimated). About 4 ovarioles (Vockeroth, 
1972). 

Biology. Vockeroth found 4 eggs in one female but none showed signs of developing 
larva. Pabulum unknown. 

Affinities. Very close to Papuaia, Gymnopapuaia and Papuaiella but differing 
strongly in structure of ovipositor, particularly by the presence of very coarse apical 
spines on sternites 7 and 8. These imply specialised oviposition habits, perhaps for 
excavating sandy soil as in Helina protuberans and certain Spilogona species. 

Distribution. Papua New Guinea; mountains from 700-1200 m. 


Genus Afromydaea Malloch 
Afromydaea versatilis (Curran) 


Biology. Emden (1951) records this species having bred from cattle dung. 

Affinities. Vockeroth (1972) suggests that this species probably really belongs in 
Afromydaea, Apparently very closely related to Mydaea. 

Distribution. Afrotropical: Malawi, Zimbabwe and Kenya. 


Genus Mydaea Robineau-Desvoidy 
(figure 97-100) 


Ova, Probably always of the 2 or 3 horned type, the lateral horns denticulate 
apically. Length 2.4—3.1 mm. 
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Larvae. Dimorphic to monomorphic obligative carnivores. Ventral abdominal welts 
strongly spiculate; 4-5 prospiracular lobes. Anal spiracular slits subparallel to 
moderately convergent. 

Cephalopharyngeal skeleton massive, uniformly heavily sclerotised. Length up to 
12mm. 

Puparia. Usually of rather short broad form with characteristic slight constriction 
across abdominal segments 1 and 2. Length 4.9-6.2 mm. An.sp. 0.06 0.16mm. Ceph. 
skel. 1.07--1.21 mm. AB = 0.011—0.026. 

Biology. Two major larval biotopes occur in this genus, namely cxcrement and 
rotting fungi; only ancilla has been recorded from a wider range of media. M. electa, 
affinis, humeralis, maculiventris and flavicornis are only known from fungi, whilst 
corni and urbana are recorded from cow dung. M. rufinervis occurs high in the 
Alps around marmot burrows, and asiatica Pont probably occupies the same niche in 
central Asia. M. obscurella is also recorded from dung (Sychevskaya, 1972). 

Affinities. According to Vockeroth the closely related Mydaea and Myospila mainly 
differ in the ovipositor structure and the course of the discal vein. 

Distribution. Holarctic and Neotropical. 


Mydaea ancilla (Meigen) 
(figure 97 e—g) 


Ovum, Very like Myospila meditabunda but hatching pleats denticulate apically. 

Larva, Instar 3: closely resembling M. meditabunda; 5 prospiracular lobes. Anal 
spiracular slits very slightly convergent. 

Cephalopharyngeal skeleton similar to M. meditabunda but relatively much larger. 

Puparium. Differing from M. meditabunda only in the larger cephalopharyngeal 
skeleton. Length 6.87 mm. An.sp. 0.12mm. Ceph.skel. (0.22:0.14:0.62) = 0.92 mm 
(Keilin). AB = 0.017. 

Biology. Since Portchinsky (1910, 1913) was unable to find any biological dif- 
ferences between this and M. meditabunda, this presumably implies that ancilla is 
dimorphic. 

Breeds mainly in human faeces, or that of dogs or cattle, but Keilin (1917) also 
found puparia in rotten elm wood. Portchinsky found that ancilla often breeds with 
meditabunda but always in much smaller numbers, preying on larvae of Musca 
domestica and Stomoxys. Also breeds in fungi (Lobanov, 1977b). 

In Britain ancilla probably takes longer to develop than meditabunda since records 
of adults suggest there are usually only two generations annually, a spring emergence 
in May or early June and another in August and September. 

Greenberg (1971) refers to ancilla as a hemisynanthropic forest species. 

Distribution. Palaearctic: Sicily to northern England and Swedish Lapland east- 
wards to Kamchatka, but generally uncommon. 


Mydaea corni (Scopoli) (scutellaris Robineau-Desvoidy) 
(figure 98) 


Ovum. Chorionic reticulation coarse and conspicuous on hatching pleats and on 
dorsal strip between these, where reticulations about half as wide as on pleats. 
Elsewhere reticulations only distinct in tangential light, so whole surface appears matt 


325 








Figure 98. Mydaea corni: a, ovum (dorsal view); b, cephalopharyngeal skeleton from puparium; c, 
puparium (ventral view); d, ventral abdominal welt 7; e, detail of spiculation on same. (Scales: a 
0.78 mm; b, ¢ 0.10 mm; c 1.86 mm; d 0.40 mm) (Orig.). 


and smooth. Hatching pleats barely project beyond apices, but are papillose distally. 
Median horn absent. Colour entirely creamy-white. Length 2.4—2.6mm (Hammer 
(1941) gives the lower dimension) (# = 1). 

Puparium, Pale-reddish, matt owing to extremely finely and superficially roughened 
surface and very faint transverse striations. Ventral abdominal] welts on segments 2—7 
with 2 irregular rows of large spicules (about 0.05 mm long), preceded and suceeded 
by 1—2 rows of irregular, smaller ones (about 0.02 mm long). Pre-anal welt with rugose 
surface but without distinct spicules; 5 prospiracular lobes. Anal spiracles very small 
and separated by more than the diameter of one; slits barely convergent. Length 
6.2mm. An.sp. 0.12 mm. Ceph.skel. (0.20;0.18;0.72) = 1.10 mm AB = 0.019 (a = 1). 
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Material studied. 1 egg, ix.1935; 1 puparium, Brodick, Arran (Scotland), ii.1926, 
R.C.M. Thomson & A.J. Haddow (BMNH). 

Biology. Thomson (1937) found that the female lays most of the eggs from one 
cycle in a single fresh cowpat, and that the second instar larva, just before hatching, 
undergoes ecdysis, so that it is the final instar larva which emerges from the egg, the 
cast skin of the second instar remaining in the egg. When newly hatched, the larva is 
about 3mm long, and with a plentiful supply of live food it attains full size in about a 
week. Cannibalism is recorded by Thomson. Formerly believed only to breed in cow 
dung though clearly not a true member of the cow dung community, this species has 
also been recorded as developing in fungi and manure (Lobanov, 1977b). In summer 
the life cycle takes about a month and there are usually about 3 generations of adults 
annually. Mature larvae or puparia overwinter, the flies appearing in May, and the 
species is still on the wing into October. Tiensuu (1936) records adults at honeydew. 

Affinities. The only known monomorphic Mydaea although, as suggested by 
Thomson, this is probably a recent development. M. humeralis and setifemur may also 
be monomorphic. 

Distribution, Palaearctic, southern France, northern Italy and Hungary north to the 
tree-line in northern Scotland, Lapland and Kola peninsula. Sychevskaya (1974) also 
gives a record from Kamchatka. Doubtfully recorded from North America, where it is 
replaced by the very similar occidentalis Malloch. 


Mydaea humeralis Robineau-Desvoidy (tincta (Zetterstedt)) 
(figure 99 a—e) 


Larva, Instar 3: smooth, whitish, opaque with conspicuous pleural sclerities. 
Prothorax with wide band of minute dark serrations anteriorly. Ventral abdominal 
welts 2—7 with 3—8 irregular transverse rows of spicules (about 0.02 mm long) 
restricted to underside and sparser medially. Pre-anal welt with 3—4 similar rows but 
anal region otherwise devoid of spicules and without apparent peri-anal papillae. Anal 
plate 3 times wider than long; 4 prospiracular lobes. Anal spiracular slits convergent. 

Cephalopharyngeal skeleton with aco and hs as in corni but ph more elongate and 
pve with distinct dorsal tooth. Length 16mm. An.sp. 0.15 mm. Ceph.skel. (0.22; 0.14; 
0.80) = 1.10 mm (# = 3). 

Material studied. 3 mature larvae as follows: 1 from rotting Boletus, in birch wood, 
Middlewood, Cheshire, ix.64; 1 ex rotting Piptoporus betulinus on ground beneath 
drying birch tree, Bawtry Forest, South Yorkshire, 5 iii.78, P. Skidmore (MAGD); 1 ex 
Russula sardonica or ochroleuca, ‘predaceous on Mycetophilid larvae’, Stanmore 
Common, Greater London (England), viii.15, F.W. Edwards (BMNH). 

Biology. Although thought to breed primarily in fungi, this species has also been 
bred from rotten wood and dung (Lobanov, 1977b). Apart from records given by 
Skidmore (1963) of rearings from Russula, Pleurotus and Amanitopsis, several 
additional records are available. Niblett (1955) reared one from Lactarius vellereus 
taken in the previous October, Kramer (1917) mentions Amanita umbrina. Falcoz 
(1930) lists Amanita citrina and Russula nigricans, whilst Edwards (in Keilin) reported 
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Figure 99. Mydaea humeralis: a, cephalopharyngeal skeleton of mature larva; b, mature larva 
(ventral view); c, ventral abdominal welt 7; d, pre-anal welt and anal plate of mature larva; e, anal 
spiracle of mature larva; M. flavicornis: f, cephalopharyngeal skeleton from puparium; g, anal plate 
of puparium; h, anal spiracles of puparium. (Scales: a 0.12 mm; b 0.78 mm; c, d 0.20 mm; e 0.10 
mm; f, g, h 0.24 mm) (Orig.). 
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larvae from Russula in company with many larvae of Mycetophila lineola. Riel (1920) 
found larvae in Russula nigricans on 17 June 1917, the adults emerging 12 July, while 
Hackman & Meinander (1979) record larvae in the following fungi: Leccinurm scabrum 
agg., Boletus chrysenteron, subtomentosus and piperatus, Suillus grevillei, luteus, 
granulatus and variegatus, Paxillus involutus, Armillaria mellea, Clitocybe gibba, 
Collybia dryophila agg., Tricholoma flavovirens and terreum, Plouteus cervinus, 
Amanita rubescens, citrina, regalis and vaginata agg., Nematoloma fasciculare, 
Cortinarius trivialis, Russula decolorans, delica, vinosa, aeruginea, nigricans, foetens, 
xerampelina and vesca, Lactarius torminosus, rufus, vietus, vellereus and deliciosus 
agg., from July to September. 

Dely-Draskovits & Mihdlyi (1972) found this to be by far the commonest 
fungicolous muscid in Hungary, affecting 99 fungi of following genera — Morchella, 
Boletus, Suillus, Xerocomus, Lentinus, Pleurotus, Hygrophorus, Armillariella, Collybia, 
Leucopaxillus, Marasmius, Melanoleuca, Omphalotus, Oudemannsiella, Tricholoma, 
Rhodophyllus, Amanita, Agaricus, Chamaemyces, Lepiota, Psatyrella, Hypholoma, 
Cortinarius, Hebeloma, Inocybe, Lactarius and Russula; adults from March to 
November. 

The adults sometimes occur in abundance in heavily wooded areas where males may 
abound on sunlit foliage. The females are more often seen near rotting fungi or carrion 
(Gregor & Povolny, 1960). Tiensuu (1936) found adults on honeydew on foliage. In 
northern England there appear to be about 3 broods of adults annually, the first from 
overwintered larvae appearing in mid-May to mid-June, then from mid-July to mid- 
August, and finally from mid-September to late October. 

Affinities, It is not certain that the above description and figures really refer to 
humeralis since the larvae died. before pupariation. However they certainly belong to 
Mydaea and humeralis is the best-known Palaearctic fungicolous species. : 

Distribution. Western Palaearctic with very similar range to corni. 


Mydaea setifemur Ringdahl 


Biology. Hackman & Meinander (1979) record larvae from Paxillus involutus, 
Collybia dryophila agg., OQudemannsiella platyphylla, Amanita rubescens, regalis and 
muscaria, Pluteus cervinus, Russula decolorans, lundelli, and aeruginea, Lactarius 
torminosus, deliciosus agg. and trivialis and Suillus granulatus in August and September. 

Affinities. Very closely related to humeralis and long regarded merely as a variety. 

Distribution. Western Palaearctic, as in humeralis, but more exclusively montane in 
central Europe. 


Mydaea flavicornis Coquillett 
(figure 99 f—h) 


Larva. Instar 3: creamy-white with complete mesothoracic spine band of tiny 
spicules in short arcuate rows. Ventral abdominal welts 2—8 with about 6 rows of tiny 
spicules. 4—5 prospiracular lobes. (see Wallace, 1971). 
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Cephalopharyngeal skeleton very like corni. Length 8—9 mm. 

Puparium. Light-red, semi-opaque and very like corni but with smaller anal plate 
transverse, 3.5 times wider than long. Anal spiracles posterodorsal, black with yellow 
slits convergent as in humeralis, much smaller than in corni. Length 4.91 5.6mm. 
An.sp. 0.06 mm. Ceph.skel. (0.18; 0.12; 0.53) = 0.80 mm. AB = 0.011—0.012 (n = 2). 

Material studied. 2° with puparia, Bells Corn., Ontario (Canada), 11.x.51, ex fungi, 
J.F. McAlpine (CNC). 

Biology. Wallace’s specimens were also reared from undetermined putrefying fungi 
along with many Drosophilid and Mycetophilid larvae, found at Coweeta, Georgia 
(U.S.A.), on 30 July 1969. It is assumed the Mydaea were preying upon the other 
larvae. 

Affinities, M. flavicornis is closely related to corni and humeralis, replacing them in 
the Nearctic. 

Distribution. Nearctic: Oklahoma to North Carolina, Quebec and Ontario. 


Mydaea urbana (Meigen) 
(figure 100 ac) 


Ovum, Rather distinctive by virtue of large size and the 3 very long, finely 
denticulate anterior respiratory horns, the median of which is as long as the laterals. 
Chorionic reticulation much finer than in corni and barely visible dorsally at x 100. 
Uniformly creamy-white. Length 3.1 mm. About 16—24 ovarioles. 

Larva. Dimorphic obligative carnivore. Instar 3: ventral abdominal welts with about 
2 irregular rows of large broad spicules (up to about 0.4mm long) preceded and 
succeeded by 1--2 rows of much smaller ones; 4—5 prospiracular lobes. Anal sbuerulas 
slits subparallel to very slightly convergent. Length up to 12 mm. 

Puparium. Very similar in size and shape to Myospila meditabunda but dulled by 
dense striations and finer surface shagreenation and usually covered with dust particles. 
Anal spiracles larger than in corni. 

Cephalopharyngeal skeleton massive and more or less uniformly heavily sclerotised. 
Por usually well defined. Length 5.85—6.08mm. An.sp 0.15—0.16mm. Ceph.skel. 
(0.14; 0.16; 0.77)—(0.20; 0.20; 0.81) = 1.07—1.21 mm. AB = 0.026 (# = 4). 

Material studied. 12 with puparium, Rostherne, Cheshire, coll.ix.64, em 4.1.65 ex 
larva from cow dung; 1? with puparium, Silverdale, Cumbria, coll. 6.ix.63, pup. 12.ix., 
em. 29.ix., ex larva from cow dung; 2? with puparia, Potteric Carr, South Vorkenare 
(England), coll. viii.3, em. 14.ix, ex larvae from cow dung, P. Skidmore (MAGD). 

Biology. Hammer (1941) found that a female lays between 15 and 23 eggs (24 
according to Portchinsky, 1910) on cowpats up to a day or two old (Thomson). 
Thomson (1937) found that the oviposition habits of urbana differed from those of 
meditabunda in that it lays the eggs in batches; he found up to 40 eggs of this fly in an 
individual cowpat, the eggs being clearly visible because of their long respiratory horns. 
Hammer also found that urbana females often lay their eggs closer together than is safe 
for such active carnivores. On hatching, which Hammer found took from 41—65 hours 
at normal summer temperatures in the shade, the larvae, being in the second instar, 
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Figure 100. Mydaea urbana: a, cephalopharyngeal skeleton from puparium; b, puparium (dorsal 
view); c, caudal segment of puparium (posterior view); M. affinis: d, cephalopharyngeal skeleton 
from puparium, e, caudal segment of puparium (posterior view); f, anal spiracles of puparium. 
(Scales: a 0.10 mm; b 1.0mm; ¢ 0.30 mm; d 0.24 mm;e 0.61 mm; f 0.20 mm) (Orig.). 
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feed on the dung as do meditabunda. A day or so later, following ecdysis, they become 
very carnivorous, preying upon any other soft-bodied larvae they encounter. The life 
cycle takes about a month in summer in northern England and there appear to be 
about 3 generations of adults annually. 

Whilst cow dung is perhaps the normal larval biotope, it has been bred from the 
fungus Suillus variegatus (Hackman & Meinander, 1979) and from manure (Lobanov, 
1977b). Portchinsky (1911, 1913) regarded urbana and meditabunda as being equally 
important in controlling fly populations. 

The adults frequent human faeces and the excrement of many animals, rotting 
vegetation, numerous flowers, and honeydew (Tiensuu, 1936). Carrion appears to be 
only of minor interest (Gregor & Povolny, 1960). 

Affinities. The adults are extremely similar to electa and affinis, and Hennig 
suggests the latter may be conspecific with urbana. 

Distribution. Holarctic: Corsica to northern Scotland and northernmost 
Scandinavia, east to Vladivostok. In North America from North Carolina to Michigan 
and Quebec. The commonest Palaearctic Mydaea. 


Mydaea affinis (Meade) (discimana Malloch) 
(figure 100 d—f) 


Puparium. Similar to urbana but anal plate rather smaller and differently shaped, 
anal spiracles situated more dorsally and closer together and respiratory slits more con- 
vergent; 4 prospiracular lobes. Anal spiracles shining black with pale cream slits, on 
dull black aureoles. Length 5.27mm. An.sp. 0.13 mm. Ceph.skel. (0.27; 0.15; 0.71) = 
1.05 mm. AB = 0.025 (n = 1). 

Material studied. 1? with puparium, Fisheye C.C., V.T. (Canada), 13.vii.77 (TU). 

Biology. Niblett (1955) reared this from Boletus bovinus and I have taken adults at 
honey dew on Salix caprea and at flowers of Juncus effusus. A well-known fungicole 
which Hackman & Meinander (1979) record from Leccinum scabrum agg. and 
versipelle agg., Boletus edulis agg., also Suillus grevillei, flavidus, luteus, granulatus, 
bovinus and variegatus, Gomphidius glutinosus and Amanita rubescens (i.e. primarily 
in Boletaceae). Dely-Draskovits & Mihdlyi (1972) reared several adults in May from 
Boletus edulis and radicans and Leccinum scabrum. The rather large anal spiracles 
suggest this species is dimorphic like urbana. 

Distribution. Holarctic: throughout Britain and Scandinavia and recorded from 
northern Italy. In North America from Colorado to New York north to Alsaka, Yukon 
and Labrador. 


Mydaea electa (Zetterstedt) 


Biology. Recorded from a wide range of fungi. Eisfelder in Hennig (1956) gives 
Phallus impudicus and either Boletus variegatus or Lactarius torminosus, whilst P.J. 
Chandler (pers. comm.) reared specimens from a Pholiota species. Hackman & 
Meinander (1979) record Leccinum scabrum agg., Suillus luteus, granulatus and 
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variegatus, Chroogomphus rutilus, Macrolepiota procera, Russula foetens and Lactarius 
deliciosus agg. Dely-Draskovits & Mihalyi (1972) reared this from Boletus erythropus, 
queletii, Leccinum scabrum, Suillus species, Chroogomphus rutilus, Leucopaxillus 
tricolor, Russula densifolia, foetens and integra, the adults emerging in April and May. 
These data suggest electa is less restricted to Boletaceae than is affinis. 

Distribution. Holarctic; northern Italy to northern Scotland and Lapland, and in 
the Nearctic from New York and New Hampshire to Fairbanks (Alaska). 


Mydaea orthonevra (Macquart) (detrita (Zcttcrstedt)) 


Biology. A fungicolous species recorded from Boletus piperatus, Suillus grevillei and 
luteus, Lactarius trivialis, Amanita citrina and vaginata agg. (Hackman & Meinander, 
1979). 

Affinities. Very closely related to the previous three species. 

Distribution. Western Palaearctic, from southern England and central Germany to 
northern Scotland, northern Finland and the Leningrad area. 


Mydaea maculiventris (Zetterstedt) 


Biology. Reared by Buxton (1960) from a Polyporus squamosus containing very 
large numbers of larvae, the adults hatching in May 1955. Collin (1953) suggests the 
species is bivoltine in Britain, adults occurring from April-June, then later July— 
September. 

Affinities. A very distinctive species bearing a striking superficial resemblance to 
Phaonia rufiventris and subventa. 

Distribution. Europe; Sweden, Germany and England. 


Genus Dimorphia Malloch 


Dimorphia cognata (Robineau-Desvoidy) 
(figure 101 a—c) 


Larva. Cuthbertson (1935) gives an incomplete figure of the oral sclerites of the 
mature larva. Length about 10—12 mm. 

Puparium. Orange-red, slightly shining with distinct muscle scars marking inter- 
segmental margins, pleural sclerites, lateral arcs, dorsocaudal grooves etc. Ventral 
abdominal welts 2—7 with 2 rows of large spicules (about 0.02 mm long) bounded 
before and behind by a row of smaller ones (about 0.01 mm long). Pre-anal welt with 
irregular double row of rounded spicules. Anal plate strongly transverse with front and 
hind-margins subparallel and surface duller than surrounding areas, appearing 
shagreened and shallowly micropunctate. Caudal segment smoothly rounded behind. 
9-10 prospiracular lobes. Anal spiracles rather large, shining black with strongly 
serpentine clear yellow slits; rather raised, separated by width of one. 
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Cephalopharyngeal skeleton entirely heavily sclerotised; apparently without sm. 
Length 7.5mm. An.sp. 0.20mm. Ceph.skel. (0.26; 0.20; 0.73)—(0.32; 0.25; 0.90) = 
1.17—1.44 mm. AB = 0.027 (n = 2). 

Materal studied. 1d with 2 puparia, Entebbe (Uganda), x.36, from cattle dung, E.G. 
Gibbins (BMNH). 

Biology. Cuthbertson (1935) found this commonly in Zimbabwe, breeding in cow 
dung with Neomyia and Musca. It takes about 6 days to reach maturity and then the 
larvae descend into the soil to spin a silken cocoon and pupariate. The cocoons are 
coated in debris and measure 8.5 x 4mm. The puparial stage lasts about 10 days. 
Emden records larvae and puparia in cow dung in Mauritius and Transvaal, and adults 
on windows in houses. 

Affinities. Peculiar to the Afrotropical Region Dimorphia consists of 5 species 
(Emden, 1951). The biology of no other species is known and it seems evident that 
the commonest species, tristis (Wied), cannot be bucoprophilous; Emden records one 
from a Wart Hog burrow. D. cognata differs from other known Mydaeinae except 
Myospila bina in having strongly serpentine anal spiracular slits and in the form of the 
anal plate. Probably dimorphic but anal spiracles rather large. 

Distribution. Eastern Afrotropical: Natal to Ethiopia, Socotra and Mauritius, 
ascending to 7700 ft on Mount Kenya (Emden). 


Genus Myospila Rondani 
(figure 101-105) 


Ova, Usually of Mydaea-type with anterior horns 0.05—0.25 times as long as egg, 
their margins usually papillose; sometimes these horns are absent, the hatching pleats 
being truncate apically (as in most Brontaeini). Distal end of egg with concave or 
flattened area 0.05—0.25 as long as egg, and chorion anterodorsally often blackened. 
Length 1.9—2.4mm. 1 -58 ovarioles (Vockeroth, 1972). 

Larvae. Dimorphic (or sometimes probably monomorphic) obligative carnivores. 
Instar 2: cephalopharyngeal skeleton described for bina and meditabunda. Instar 3: 
ventral abdominal welts with large conspicuous spicules preceded and followed by 
much smaller ones (numerous rows of smaller ones in superba). Papillae of anal region 
sometimes well developed, including extra-anals; 4—7 prospiracular lobes. Anal 
spiracles small to large, slits straight to sinuate (serpentine in bina), convergent on 
median scar. 

Cephalopharyngeal skeleton robust, very heavily, uniformly sclerotised, very similar 
to Mydaea (except superba, in which hs has acute forwardly directed tooth as in 
Helina s.str.), Length up to 15mm. 

Puparia. Often of waisted Mydaea-type. Length 5.03~—7.00 mm. An.sp. 0.07— 
0.22 mm. Cephs.skel. 0.69—1.30 mm. AB = 0.012—0.042. 

Biology. Recorded larval habitats include mammalian excrement, rotting fruit and 
diseased parts of plants. Cocooning occurs prior to pupariation in some species. 

Affinities. Vockeroth (1972) redefined the genus and amalgamated several related 
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Figure 101. Dimorphia cognata: a, cephalopharyngeal skeleton from puparium; b, anal plate and 
pre-anal welt of puparium; c, anal spiracles of puparium; Myospila bina: d, cephalopharyngeal 
skeleton from puparium; e, detail of spiculation on ventral abdominal welt 4 beside medioventral 
line; f, anal plate and pre-anal welt of puparium; g, anal spiracles of puparium. (Scales: a—g 0.24 
mm) (Orig.). 
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taxa. He suggested that Myospila is most closely related to Mydaea, from which it 
differs in several features including distribution. One of the most characteristic 
features is the forward curvature of the distal part of Mj... Morphology of all stages 
however is very diverse; ova range from typical Mydaea-types to the modified form 
found in the Brontaeini where the hatching pleats are truncate before the poles. 
Judging from the great range of relative sizes of the anal spiracles some species are 
probably monomorphic whilst others are certainly dimorphic. Mf superba is very 
unusual, the cephalopharyngeal skeleton and more convergent anal spiracular slits 
being reminiscent of certain Helina species. 

Distribution. Mainly Palaeotropical, being especially numerous in the Oriental 
Region, but several occur in the Palaearctic and the commonest of thesc, meditabunda, 
also occurs in the New World. Vockeroth also includes the Neotropical obsoleta (B.B.) 
in this genus, but he makes no comment on the other 4 Neotropical Myospila species 
listed by Pont (1972c). 


Myospila nudisterna (Pont) 


Ovum, Typical Mydaea-type with long anterolateral horns about 0.20 times as long 
as the egg, but these are unusual for Myospila in being rounded apically with smooth 
margins. Length 2.00 mm (Pont, 1968). 

Affinities. The genus Parapictia erected for this species by Pont was incorporated 
into the synonymy of Myospila by Vockcroth. 

Distribution. Oriental: Pahang (Malaysia) to Sarawak (Borneo) and Philippines. 


Myospila novaebritanniae Vockeroth 


Ovum. Remarkable in that the hatching pleats end slighly before the poles and the 
ends are truncate as in Brontaeini and some Coenosiinae (Vockeroth, 1972). 

Affinites. According to Vockeroth the only close relative is probably the Papuan 
pallidibasis Vock. He suggests from the form of the egg that oviposition occurs in 
softer substrates than other Myospila. However, Brontaea species breed in mammalian 
excrement, as do many species of this genus which have horned eggs. 

Distribution. New Britain. 


Myospila bina (Wiedemann) 
(figure 101 d—g) 


Ovum. Very like Mydaea urbana but median horn slightly shorter. Length 2.4 mm. 

Larva. Instar 2: ventral abdominal spicular bands 2.-7 and anal plate distinct; 4—5 
prospiracular lobes. Anal spiracles more like first than second instar. Cephalopharyn- 
geal skeleton, as in Mydaea and Hebecnema, with mh as in meditabunda, broad ds and 
aco as in Brontaea, hs with backwardly directed dorsal and ventral processes; ph as in 
other Mydaea and Myospila species. Instar 3: very like meditabunda. (Thomson, 
1947). According to Thomson, who figured the anal spiracle upside down, the slits are 
subparallel and nearly straight (but see below). 
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Puparium. Deep-ycllow, shining translucent, closely resembling Dimorphia cognata 
in surface sculpture and in the form of the very matt anal plate, but spicules on ventral 
abdominal welts relatively larger and more numerous (about 3 rows of large ones on 
each welt); 4-5 prospiracular lobes. Anal spiracles unusually large, glossy black with 
bright yellow serpentine slits similar to D. cognata. 

Cephalopharyngeal skeleton uniformly heavily sclerotised and similar to Dimmorphia 
and other Myospila species. Length 5.03—5.8mm. An.sp 0.21 mm. Ceph.skel (0.21; 
0.19; 0.87) = 1.18 mm. AB = 0.036-—-0.042 (n = 2). 

Material studied. 16, 19 with puparia, Suduganga (Sri Lanka), 1.vii.21, from cow 
dung R. Senior-White (BMNH). 

Biology. Thomson found this to be a typical member of the cow dung community 
in Assam where it fills the same niche as Mydaea urbana and corni in Scotland. 

Affinities. Apart from the strongly serpentine anal respiratory slits and the large 
anal spiracles, in which this species resembles arminervis, this fly is a typical Myospila. 
Perhaps bina and arminervis are amongst the more primitive of Myospila species. 
Formerly known as Myospila (Xenosia) ungulata Stein. 

Distribution. Oriental: Sikkim to Taiwan, Philippines, Timor and Sri Lanka. 


Mysopila arminervis (Stein) (laevis (Stein)) 
(figure 102) 


Ovum. Lateral horns much longer than barely produced median one, about 0.16 as 
long as egg, thus approaching form of bina (Vockeroth, 1972). 

Puparium. Dark-red opaque, densely transverse striate on anterior segments, matt 
shiny. Thoracic and abdominal segments, and entire dorsal surface devoid of any 
spicules but ventral abdominal welts 2—7 with about 2--3 close-set rows of large rather 
obscure spicules (up to 0.05 mm long); a few only visible on pre-anal welt. Anal plate 
blackish, unusually transverse. Caudal segment rounded behind, without coarse folds 
but very finely transverse strialo-rugose and with some irregular slight perispiracular 
prominences; 5—7 prospiracular lobes. Anal spiracles very large, shining black, 
separated by about a quarter to a third the width of one; slits yellow, slightly 
covergent, almost straight. 

Cephalopharyngeal skeleton very similar to bina. Length 6.95—7.00mm. An.sp. 
0.22 mm. Ceph.skel. (0.22; 0.20; 0.91) = 1.30 mm. AB = 0.031—0.032 (# = 2). 

Material studied. 22 with puparia, Coonoor (India), 25.vi. and 18.x.20, bred from 
cow dung, W.S. Patton (BMNH). 

Biology. Vockeroth (1972) records adults on human faeces, freshly killed pigs and 
at mercury vapour light traps. Breeds in cow dung. 

Affinities. This species differs from other known Myospila except bina in the large 
anal spiracles. Vockeroth points out that along with setinervis (Stein) this species has 
unusually long slender respiratory horns on the egg, possibly indicating oviposition in 
situations with high risk of dessication. 

Distribution. Oriental-Australasian; south India and Sri Lanka to Taiwan and Papua 
New Guinea, where it ascends to 2700 m. 
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Figure 102, Myospila arminervis: a, cephalopharyngeal skeleton from puparium; b, anal plate and 
pre-anal welt of puparium; c, anal spiracles of puparium. Scales: a, ¢ 0.24 mm; b 0.50 mm) (Orig.). 


Myospila setinervis (Stein) 


Ovum. Figured by Vockeroth (1972), this resembles arminervis but has finer and 
longer anterolateral respiratory horns (about 0.33 times as long as egg) and more 
distinctly reticulated chorion antcrodorsally; dorsal strip darkened laterally in both 
species. 

Affinities. Very closely related to arminervis according to Vockeroth. 

Distribution, Bismarck Arch., Solomon Islands. 
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Myospila fumidala Vockeroth 


Ovum. Figured and described by Vockeroth (1972), this has the anterolateral and 
anteromedian processes about same length (median about 0.15 times as long as egg), 
but they are connected along most of their length by extension of chorion so that the 
anterior end of the egg is rather shallowly emarginate between the lateral horns and 
the median lobe. Anterolateral horns with papillose margins and dorsal strip of egg 
darkened laterally. 

Distribution. New Britain. 


Myospila papuensis Vockeroth 


Ovum. Figured and described by Vockeroth (1972), this has the anterolateral 
horns slightly longer than the anteromedian (as in fumidala), but they are not con- 
nected by expanse of chorionin so that the anterior end of the egg is very deeply 
emarginate between the lateral horns and the median lobe. Dorsal strip not darkened 
laterally. Margins of lateral horns papillose. 

Distribution. Papua New Guinea. 


Myospila meditabunda (Fabricius) 
(figure 103) 


Ovum. Lateral horns rather short, conical with smooth margins, usually blackish, as 
is commonly the entire dorsal surface and anterior third. Chorion entirely densely 
reticulate. Length 1.9 mm (7 = 25). 

Larva. instar 2: cephalopharyngeal skeleton similar to bina but ds relatively much 
shorter (according to figures by Schumann (1963) and Thomson (1937)). Instar 3: 
antennae and maxillary papillae unusually minute and facial mask with very few 
grooves. Prothoracic welt conspicuously blackish, comprising very many rows of 
minute multidentate teeth and ventrally with 2 transverse long retractile processes. 
Spicular bands absent on meso- and metathorax, and that on abdominal segment | 
consisting merely of a few weak spicules medioventrally; ventral abdominal welts 2.-7 
with 2—3 rows of larger spicules sometimes succeeded (especially medioventrally) by 
1—2 short rows of smaller ones; welts 2 and 3 weaker than 4--7 and pre-anal welt with 
3—4 rows of spicules. Anal plate transverse, 3—3.5 times wider than long, with hind- 
margin strongly sinuate. Para-anal papillae very large and coarsely punctate, but much 
smaller extra- and subanals smooth; 4—6 prospiracular lobes. Anal spiracles small, 
separated by less than width of one, shining black with yellow convergent slits. 

Cephalopharyngeal skeleton rather small, without strong por and with pve slightly 
angulate dorsally. See also Keilin (1917), Thomson (1937), and Schumann (1963). 
Length up to 12 mm (n = 12). 

Puparium. Shining dark-reddish, usually with constriction across abdominal segment 
1. Anal spiracles separated by more than width of one. Length 5.50—6.75 mm. An.sp. 
0.11 mm. Ceph.skel. (0.14:0.15:0.58)—(0.16:0.16:0.60) = 0.83—-0.88 mm. AB = 
0.016—0.020 (n = 5). 
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Figure 103. Myospila meditabunda: a, ovum in lateral (left) and dorsal view (right); b, mature 
larva (lateral view); c, detail of head and prothoracic spine band of same larva; d, anal region of 
same larva (posterior view); e, same (ventral view); f, cephalopharyngeal skeleton of mature larva; 
g, puparium in dorsal (left) and ventral view (right); h, anal spiracles of puparium. (Scales: a 
0.20 mm; b, d, e 1.00 mm; c, f, h 0.10 mm; g 2.00 mm) (Orig.). 
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Material studied. 25 ova, 12 third instar larvae, Rhyd y Creuau, Clwyd (North 
Wales), 25.ix.79, ex cow dung; 1d with puparium, Silverdale, Cumbria, 6.ix.64, em. 
17.ix, from yellow larva in cow dung which failed to produce cocoon; 16 Middlewood, 
Cheshire (England), 26.v.64, em. 10.vi, from larva in earth below cow dung, P. 
Skidmore (MAGD). 

Biology. Hammer (1941) found that the female lays 17—29 eggs (25—30 according 
to Keilin (1917)) on very fresh cow dung, restricting the number laid on any one pat to 
2—3 which it distributes over the pat. Hammer also noted that after depositing the egg 
the fly covers the exposed horns with a faecal drop which renders the egg very difficult 
to see and accounts for the blackish colour noted above; he suggests a transmission of 
symbionts occurs during this activity. Upon hatching, after 2-3 days (Hammer) the 
larva isin the second instar, but a day later it undergoes ecdysis to become an obligative 
carnivore. At 16—21°C the larval stage lasts about a week, the larva then descending to 
the soil/dung interface to spin a tough silken cocoon measuring about 7.5 x 3.5mm. 
The purpose of this is presumably for insulation against dessication or excessive 
waterlogging, and the puparial stage lasts about 2—3 weeks under the thermal regime 
given above, so that in temperate parts of the Holarctic the entire life cycle takes some 
3-4 weeks (22—32 days according to Hammer). Portchinsky (1910) gives as little as 
12 days for the entire metamorphosis in Syria. Hammer states that puparia over- 
winter in Denmark but in northern England I find that overwintered larvae pupariate 
during March and emerge in April or May. In Salamanca (Spain), Rubio (1978) found 
puparia throughout the year, adults from February to August and ova and larvae from 
March to June then August to September. 

M. meditabunda breeds mainly in cow dung but sheep dung is often utilised; Zimin 
(1951) records it from human faeces, and I once reared it from dog dung. The highly 
carnivorous final instar larva will attack any soft-bodied dipterous larva with which it 
comes into contact but Morellia, Fannia and the leathery larvae of Stratiomyidae, 
tipulids and bibionids commonly found in cow dung are probably at least partially 
protected. Thomson found the main prey species in west Scotland was Neomyia 
cornicina, whilst Portchinsky regarded meditabunda as a major predator of Musca 
domestica and Stomoxys calcitrans breeding in manure heaps. Greenberg (1971) 
records it from dead lepidopterous larvae. 

Adult meditabunda are attracted to mammalian excrement generally, to carrion, 
numerous flowers and to honeydew. Empis tessellata, Scathophaga stercoraria and 
Ischnura elegans are recorded predators (Hobby & Smith, 1961). In Britain adults 
have been recorded from April to October and the species is probably trivoltine 
normally. According to Greenberg (L.c.) it is a hemi-synanthropic pasture symbovine 
with a predilection for feeding at the conjunctivae of the eyes and nostrils of cattle, 
and hence may be communicative. This latter habit appears not to have been generally 
recognised. 

Distribution. Holarctic, Oriental and Neotropical; North Africa to Iceland and Kola 
peninsula eastwards to Kamchatka, Japan and southern China, thence through central 
Alaska to Goose Bay (Labrador) and south to Bolivia. 
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Myospila flavicans (Malloch) 


Puparium. Deep orange-red, smooth and shining with conspicuous muscle scars. 
Caudal segment smoothly rounded behind except for irregular low prominences 
around the perispiracular field. Ventral abdominal welts very distinct, with 3 rows of 
conspicuous large spicules on segments 2—7, and about 4 rows on the very wide pre- 
anal welt. Anal plate remarkably small, with very short lateral wings. Anal spiracles 
rather small, separated by about 2.5 times the width of one, glossy black and highly 
convex, with bright yellow elongate ovate slits. Length 6.54mm. An.sp. 0.12mm 
(Ceph.skel. absent in example studied) AB = 0.018 (n = 1). 

Material studied. 1¢ with puparium, Queensland (Australia), without data (BMNH). 

Biology. Unknown but larvae believed to develop in rotting fruit (Pont, 1968). 

Affinities. Pont (1968) regards this as being most closely related to argentata 
(Walker) and pellucida (Stein), especially as their larvae live in rotten fruit. 

Distribution. Australian, only known at present from Queensland. 


Myospila argentata (Walker) 
(figure 104 a) 


Ovum. Figured and described by Vockeroth (1972), this resembles meditabunda in 
having the three anterior respiratory horns of about equal length; dorsal surface not 
darker laterally. Length not stated, but up to 58 eggs counted in a single female. 

Puparium. Very like that of flavicans in general form, cuticular sculpture, spicular 
distribution, size and shape of anal plate, and anal spiracles; 4 prospiracular lobes. 

Cephalopharyngeal skeleton much smaller than in bina or arminervis, Length 5.94— 
6.30mm. An.sp. 0.12 mm. Ceph.skel. (0.18; 0.13; 0.58) = 0.87mm. AB = 0.019— 
0.020 (n = 2). 

Material studied. 2° with puparia, Peradeniya (Ceylon), 20.xi.1937, ex Garcimo 
xanthochymus fruits,.J.C. Hutson (BMNH). ; 

Biology. The only known larval habitat appears to be the fruits of Garcimo. 

Affinities, This is the type-species of Lumyiospila Malloch. Pont (1969a) figures 
the typically mydaeine ovipositor, whilst Vockeroth (1972) found this organ to be 
identical in structure in argentata, lenticeps and propinqua. He also regards pellucida 
as probably conspecific with argentata, but flavicans as possibly distinct. 

Distribution. Oriental-Australasian,; Calcutta (India) and Sri Lanka to Guadalcanal 
and ascending to 1800 mm in New Guinea (Vockeroth, 1972). 


Myospila lenticeps (Thomson) 
(figure 104 b—d) 


Puparium. Orange-red, rather matt but shinier on thoracic segments, smooth to 
micro-rugose (on caudal segment); muscle scars distinct and slight micro-striations 
along segmental boundaries. Ventral abdominal welts 2—8 with very strong spicules, 
about 2—3 rows of larger paler ones followed by a few much smaller ones, on each 





Figure 104. Myospila argentata: a, cephalopharyngeal skeleton from puparium; M. lenticeps: 
b, cephalopharyngeal skeleton from puparium; c, anal plate and pre-anal welt of puparium; d. 
anal spiracles of puparium. (Scales: a—d 0.24 mm) (Orig.). 


welt. Anal plate rather small, 2—3 times wider than long. Caudal segment smoothly 
rounded behind; 4—6 prospiracular lobes. Anal spiracles small, shining black with 
bright yellow convergent slits. Pupal horns short and black. 

Cephalopharyngeal skeleton rather small, as in flavicans and argentata but with 
conspicuous cut. Length 5.15-6.06mm. An.sp. 0.09—0.10 mm. Ceph.skel. (0.19, 
0.11;0.59) = 0.85 mm. AB= 0.016 0.017 (n = 2). 

Material studied. 1d with puparium, Leopoldville (Zaire), 26.iv.44, larvae in 
organic debris, M. Wanson; 1° with puparium, Kuala Lumpur (Malaysia), 14.vi.36, 
ex Averrhoa cerambola, Entom. Div. Agric. Dept. (BMNH). 

Biology. A familiar predator of such larvae as Ceratitis capitata in numerous fruits 
(i.e. tomatoes, melons, pumpkins, oranges etc.). Emden (1951) records it from rotten 
potatoes and organic refuse and from fruits of Tem:malia, Borassus, Caranboker, Cola 
acuminata, Rollinia sieberi, Momondica chorentia and Cucumis sativa. 

Affinities. Pont (19694) drew attention to the mydaeine rather than phaoniine 
ovipositor of this, the type-species of Helinella Malloch, and later (1977c, 1980) 
followed Vockeroth (1972) in including it in Myospila. The larval morphology of 
lenticeps most closely approaches argentata and flavicans, 

Distribution. Afrotropical- Oriental: Sierra Leone to Madagascar east to Taiwan and 
Mindanao. 
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Figure 105. Mysopila superba. a, cephalopharyngeal skeleton from puparium; b, detail of spicula- 
tion on ventral abdominal welt 4 of puparium; c, caudal segment of puparium (ventral view); d, 
detail of spiculation in anal region of puparium; e, anal spiracles of puparium. (Scales: a, b, d 
0.24 mm; c 0.50 mm; e 0.07 mm) (Orig.). 


Myospila superba Stein 
(figure 105) 


Puparium. Deep orange-red, matt shining, with debris adhering to surface. Inter- 
segmental boundaries obscure, muscle scars indistinct. Ventral abdominal welts 
unusually wide and straddling segmental boundaries so that 5—8 rows of tiny spicules 
lie on hind part of each segment and 3—4 rows of larger ones on front part of 
succeeding one, followed in turn by |—2 rows of tiny ones. On abdominal segment 1 
the larger anteroventral spicules appear to be absent but the posteroventral part of the 
metathorax has about 7 rows of small teeth in regular series. Mcso- and prothorax not 
clearly spiculate but the remaining segments have spiculose bands extending widely 
over dorsal surface where about 3 rows of tiny teeth precede a segmental boundary 
and about 8 similar rows succeed these on the front part of the next segment. Dorsally 
the caudal segment, which is smoothly rounded behind, lacks any spicules, but 
ventrally a wide spiculate belt surrounds the anal plate. About 8 rows on pre-anal 
welt and median 2-.3 rows of these, as well as those behind the median lobe of the 
anal plate, about twice as large as the adjacent ones. Anal plate rather transverse, with 
narrow lateral wings. Anal spiracles shining black, on short blackish processes; slits 
convergent, arranged rather differently from other known Myospila species, and 
obscurely paler than peritreme. 

Cephalopharyngeal skeleton very small with pk much shorter than usual (for 
Myospila); hs with very acute dorsal tooth as in Helina. Length 5.76mm. An-sp. 
0.07 mm. Ceph.skel. (0.16; 0.15; 0.44) = 0.69 mm. AB = 0,12 (n = 1). 
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Material studied. 1? with puparium, 26.xi.69, Mueng F.R., host Emira shoot-borer, 
coll. J. Kudler (BMNH). 

Biology. Unknown but above data suggests that it preys on phytophagous insects. 

Affinities. The most aberrant Myospila examined in this study, this exhibits many 
features which suggest it may be only remotely related to the other species discussed 
here. The extensively spiculate areas of the cuticle are unknown elsewhere in the 
Mydaeinae as here understood, whilst the arrangement of the anal spiracular slits 
differs from other known Myospila. The general structure of the larval mouthparts 
approaches other Myospila and Mydaea species but the acute hypopharyngeal tooth 
is strongly reminiscent of Helina, several of which have a remarkably similar larval 
armature. 

Distribution. Afrotropical: Ghana, Cameroon and Malawi (Emden, 1951). 


Myospila prosternalis Emden 


Biology. Emden (1951) records this species from stems of Euphorbia abyssinica at 
2350 m, at Asmara (Eritrea). 
Distribution. Afrotropical: Eritrea. 


Myospila squalens (Walker) 


Ovum. Hatching pleats acute at anterior end but barely surpassing pole (about 0.05 
times as long as egg); margins very slightly papillose and dorsal strip darkened laterally 
(Vockeroth, 1972). 

Affinities. According to Vockeroth this has no particularly close relatives. 

Distribution. Amboina (Indonesia) eastwards to New Britain ( Bismarck Archipelago). 


Genus Pseudohelina Vockeroth 
Pseudohelina rufina (Stein) 


Biology. Cuthbertson (1938) records larvae from decaying pumpkins in September 
1935, once with Lumerus obliquus (I'.), whilst Emden (1951) gives rotten ‘Kapa’ fruit 
(Apocynaceae) and fruits of Ficus mucuto and Rollinia sieberi. 

Distribution. Afrotropical: Natal (South Africa) to Liberia and Ethiopia. 


Pseudohelina nigritarsis (Jaennicke) (subsetosa Curran)) 


Biology. Emden (1951) records this species having been reared from vegetable 
marrows, wild bananas and pears, whilst Cuthbertson (1938) gives pumpkins, marrows, 
cucumbers and melons, breeding with Anthomyia griseobasis Malloch. 

Distribution, Afrotropical: Cape Province (South Africa) to Sao Tomé and Sudan. 
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Pseudohelina castanea (Curran) 


Biology. Cuthbertson (1939) records this breeding in rotting tubers of sweet 
potato, and Emden (1951) notes adults at light and around bana:ias and rotting pears. 
Distribution. Afrotropical: Uganda and Zimbabwe. 


Genus Hebecnema Schnabl 
(figures 106-107) 


Ova. Mydaeine-type with hatching pleats surpassing anterior pole as papillose horns 
and pole also sometimes produced to form median horn. Dorsal surface between pleats 
with reticulations becoming elongate at least anteriorly. Length |.5—2.5 mm; 12—30 
ovarioles. 

Larvae. Dimorphic obligative carnivores with cuticle longitudinally aciculated. 
Instar 3: ventral abdominal welts with 2—3 rows of large broad pallid spicules and 
1—2 rows of much smaller ones; 3—S prospiracular lobes. Anal spiracles with slits 
subparallel or barely convergent; scar median. 

Cephalopharyngeal skeleton rather elongate with pve and pde at most as long as pe 
which has very faint distal fenestra. Hs elongate. Length up to 8mm. 

Puparia. Very variable but typically short and broad with slight constriction across 
boundary of abdominal segments | and 2. Pupal horns usually very long and thick. 
Length 3.15—-5.5mm. An.sp. 0.05—0.09mm. Ceph.skel. 0.52—0.76mm. AB = 
0.016—0,020. Rarely enclosed in a very loose cocoon. 

Biology. Although mainly breeding in the dung of ungulates, decaying plant material 
may also be utilised (see under wmbratica). In Britain and presumably throughout 
temperate regions, winter is spent in larval or puparial states. In summer the life cycle 
takes 3—4 weeks. Whilst most species deposit eggs in the pabulum, at least one species 
(infuscata) appears to be viviparous. The larvae hatch in the sccond instar and become 
obligative carnivores in the third. 

Adult Hebecnema frequent bushy places where the males often abound on foliage, 
periodically darting off at passing insects and quickly returning. They also form small 
swarms, hovering like Fannia or Hydrotaea species, a habit as yet unknown in other 
Mydacinaec. The females more often frequent the breeding sites but Séguy (1923) and 
others have recorded them as sweatflies, another still unconfirmed habit doubted by 
Hammer (1941), Hennig (1956) and others. Similar activities have been recorded in 
Myospila (see above) but confirmation is needed. 

Affinities. Hebecnema has traditionally been regarded as related to Mydaea 
although it was treated as a subgenus of Helina by Emden (1951). I am following 
Hennig here although the larval mouthparts are more like certain Spilogona 
(Coenosiinae) or Brontaea (Phaoniinae) than Mydaea or Myospila, and are not nearly 
so archaic as Helinomydaea, and so I cannot agree with Hennig that this is the most 
primitive mydaeine genus. Vockeroth (1972) refers to several unusual chaetolactic 
features and to the ovipositor structure in which Hebecnema differs from other 
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mydaeines. He also relates ovipositor structure to ovariole number and hence to mode 
of deposition of egg or young larva. There are 12 described species. 
Distribution. Holarctic, Palaeotropical and Australasian. 


Hebecnema umbratica (Meigen) 
(figure 106 a—f) 


Ovum.: Anterolateral horns strongly papillose, longer than median but this still 
longer than wide. Chorion distinctly uniformly reticulate except posterodorsally. 
Colour whitish. Length 1.25 mm. 

Larva. Instar 3: thoracic segments without visible spicules (at x 100) and weak 
transverse rows anteroventrally on abdominal segment 1. Length up to 6.6 mm. 

Puparium. Short and rather broad, pale-reddish, matt to slightly shining, strongly 
transverse striate and subopaque. Ventral abdominal welts distinct, with larger spicules 
(up to 0.03 mm long) arranged in 2-3 rows, followed by row of minute serrations; 
larger spicules blunt and sometimes rather obscure. Anal plate with the narrow lateral 
wings deflected backwards; 3-5 prospiracular lobes. Anal spiracles black with clear 
yellowish subparallel slits. Pupal horns very long, thick, black and curved forwards. See 
also Thomson (1937) and Hammer (1941). Length 4.0—4.5mm. An.sp. 0.08— 
0.09 mm. Ceph.skel. (0.14: 0.10; 0.45)-(0.15; 0.11; 0.50) = 0.67—0.74mm. AB = 
0.020 (# = 25). 

Material studied. 2 puparia, Morfa Harlech, Gwynedd, coll. 8.viii.75 as puparia with 
Haematobia irritans; 4 mature larvae, Rhyd y Creuau, Clwyd (north Wales), 25.ix.79; 
29 with puparia, Fallowfield, coll. 25.iii, em. 6.vi.64, found under compost in garden; 
1? with puparium, Shaw, coll. ii.62, em. 14.iv, ex old cow dung; 4d with puparia, em. 
25.ii, ex old cow dung; 13 puparia, coll. iv.75, ex old cow dung; 1d with puparium, 
Broadbottom, Greater Manchester, em. 27.iv.63; 1¢ with puparium, Rostherne, 
Cheshire, em. 12.v.64 ex old cow dung; 2 puparia, Bentley Common, South Yorkshire 
(England), viii.76, ex cow dung, P. Skidmore (MAGD). 

Biology. According to Portchinsky (1910) and Thomson (1937) the female lays 
about 15-34 eggs on cow dung. In the shade these hatch 28—29 hours later (Hammer) 
into second instar larvae which feed on the dung, their gut assuming the colour of the 
dung. When about 2mm long, about a day after hatching, they attain the final instar 
and become obligative carnivores. With a plentiful supply of suitable prey they reach 
maturity within about a week, pupariating in the dung or soil below. Like Mydaea 
urbana the puparium is coated in a sticky substance at first, since it becomes coated 
with particles of the surrounding debris, but there is no evidence that this adhesive 
material is an oral exudation produced by the larva: it cannot be construed as, nor 
does it in any way resemble, a true cocoon. According to Thomson the adults hatch 
about a fortnight after pupariation during summer. Hammer found that in the com- 
parable climatic regime in Denmark the life cycle takes 22—31 days. 

In Scotland Thomson found that umbratica winters as a larva, but according to 
Hammer it overwinters as a puparium in Denmark. I find that in northern England the 
larvae usually pupariate in late January. 
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Figure 106. Hebecnema umbratica: a, ovum in dorsal (left) and lateral view (right); b, cephalo- 
pharyngeal skeleton of mature larva; c, anal region of mature Jarva (posterior view); d, detail of 
spiculation on ventral abdominal welt 4 of puparium; e, puparium (dorsal view); f, caudal segment 
of puparium (ventral view); H. vespertina: g, uterine ovum (dorsal view); h, cephalopharyngeal 
skeleton from puparium; i, detail of spiculation on ventral abdominal welt 4 of puparium; 4. 
nigricolor: j, puparium, (dorsal view). (Scales: a, d 0.20mm; b, h, i 0.10mm; c, g 0.50 mm; e 
1.00 mm; f 0.25 mm; j 0.70 mm) (Oriz.). 
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Whilst cow, and possibly horse dung, are the normal pabulum, this species will also 
develop in rotting vegetation since on 25.iii.64 I found 2 puparia under a heap of dead 
Sinapis arvensis, Stellaria media and Tussilago farfara \eft from the previous autumn in 
a Manchester suburban garden; on 16 April 2 female umbratica emerged. Lobanov 
(1977b) also records it from rotting vegetation, rotten wood and manure. 

Portchinsky’s belief that the larvae are purely coprophagous is incorrect, but 
whether umbratica has any preferences as far as prey is concerned is not established. 
On all occasions when I have reared this fly from cow dung larvae of Sylvicola punctata 
(F.) have been present. In late January 1965 I gathered samples of cow dung during a 
severe frost on the Pennines near Shaw, Greater Manchester. I noticed whilst in the 
field that the dung contained many larvae, which like the dung, appeared to be frozen 
solid. Some of these samples were placed in bell jars in the laboratory at a temperature 
in the range 50--70°F, and about 3 weeks later, in mid-February, several Sylvicola 
punctata emerged. On 20 February these were followed by many Sepsis fulgens, 
several Psychoda sp., a few Smittia aterrima and several Liebecnema umbratica. During 
late February many fruiting bodies of two or three Coprinus species (near bisporus) 
appeared, the dung evidently having been permeated by their mycelia. After these 
fungi had started to die back, during the first week in March, a large number of 
Hydrotaea albipuncta and lastly two Azelia cilipes emerged. 

There appear to be at Icast three emergences of adults annually on the moors near 
Shaw, referred to above, the peak numbers of adults occurring from mid-May to mid- 
June, mid-July to mid-August, and mid-September to late October. Further south 
adults have a longer flight period and in France, Séguy (1923) states that adults may 
be found all year round. 

Robineau-Desvoidy’s claim (1830) that adults torment cattle remains unconfirmed. 

Distribution. Holarctic: Azores through Sicily and Lebanon to Taiwan north to 
Faeroes, Lapland and across northern parts of Soviet Union to Japan and into Alaska 
(Anchorage and Matanuska). 


Hebecnema vespertina (Fallén) (affinis Malloch) 
(figure 106 g—i) 


Ovum. Hatching pleats broadly foliate throughout, acutely pointed at each end, 
with free edges entirely denticulate especially towards ends. Length 1.5mm. About 20 
ovarioles (m = 2). 

Larva, Instar 3: Lobanov (1970b) describes the larva in some detail, comparing it 
with umbratica. Cuticle weakly shining and finely longitudinally striate. Front margins 
of thoracic segments with some faint rows of spicules but those on ventral abdominal 
welts much more conspicuous. Anal plate strongly transverse, 3.5—4 times wider than 
long; anals, para-anals, subanals and extra-anals distinct but no postanal. Caudal 
segment with longitudinal dorsolateral ridge on each side. Length 7.5 8mm. (NB. 
Lobanov only examined one or two specimens.) 

Puparium, Similar to umbratica but with more distinctly spiculate abdominal welts, 
lateral wings of anal plate directed outwards rather than backwards, and anal spiracles 
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uniformally translucent yellowish with deeper yellow slits. Length 4.52mm. An.sp 
0.09 mm. Ceph.skel. (0.16; 0.10; 0.50) = 0.76 mm. AB = 0.020 (n = 1). 

Material studied. 1d with puparium, found on sandy bank of River Etherow, 
Derbyshire, (England), late iv.63, P. Skidmore (MAGD). 

Biology. Lobanov (1970b) found a few larvae in cow dung but no other author has 
recorded it from this medium. The fact that vespertina is very abundant where it 
occurs clearly suggests that it does not belong to the cow dung community and that 
Lobanov’s specimens were casual invaders from adjacent biotopes, probably humus 
soil. The puparium described above was found under a scanty covering of moss over- 
lying roots of Petasites hybridus on a sandy river bank. Although the ground was part 
of a cattle pasture, there were no signs of any old cowpats where the puparium was 
found but the following were found in close proximity: Phaonia zugmayeriae (larvae 
and puparia), Empis digramma Mg, Beris morrisi Dale and Rhagio scolopacea (L.) 
larvae, and big numbers of larvae and pupae of Bibio nigriventris Hal. Lobanov (1977b) 
records it breeding in rotting vegetation, manure, dung and accumulated refuse. 

In late September 1966 two gravid females were dissected. One of these contained 
one virtually mature egg, the remaining ovarioles being in various stages of development. 

Adults of H. vespertina occur in great abundance on foliage and honeydew, and 
swarms of hovering males are a frequent sight in bushy places. Probably univoltine. 

Affinities. Hennig (1956) doubts whether vespertina is distinct from the Madeira 
species anthracina Stein, or from nigra (R.-D) (vespertina authors), and his suggestion 
that the latter may be merely a seasonal or ecological form is certainly not correct 
according to British data. Portchinsky (1910) figures and describes the larva and 
puparium of ‘vespertina’ from cow dung, but the true identity of his species is 
uncertain, and in any case his morphological data is inadequate. 

Distribution. Holarctic: Canaries to Finnish Lapland across Eurasia and from Alaska 
(Fairbanks and Dawson) southwards to California. 


Hebecnema fumosa (Meigen) 


Larva. Instar 3: deep yellowish, mainly smooth and glossy with some longitudinal 
striations, most distinctly on sides of meso- and metathorax. Ventral abdominal welts 
distinct, segment 1 with 6—8 rows of tiny spicules in short arcuate series; segments 
2—7 with spicules of 2 sizes, the larger in 2 irregular rows across the crests of the welts, 
preceded and succeeded by 2-3 broken rows of much smaller ones. Caudal segment 
with median group of pits between anal plate and lower postspiracular edge. Anal 
region with conspicuous short, rounded, extra-anals, much smaller subanals and para- 
anals and barely visible anals; anal plate small, about 4 times as wide as long. Pre-anal 
welt slightly spiculate; 3 prospiracular lobes. Anal spiracles with slits convergent. See 
also Zimin (1948). 

Cephalopharyngeal skeleton very like vespertina but pdc larger in relation to pve, 
slightly longer and deeper than this. Length up to 8mm, An.sp 0.06 mm (estimated 
from Zimin’s figure and quoted dimensions). 
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Biology. Zimin (1948) records larvae of fumosa, which he says strongly resemble 
those of the stercoricolous Hydrotaea, from horse and cow dung in autumn and 
winter. He found no more than 3 per cake of dung. Petrova & Soboleva (1978) found 
a larva in fowl manure. There are at least 2 generations in Britain for I found a teneral 
male in an old manure heap near Pembroke (south Wales) in early September 1978. In 
favourable seasons the species may indeed be more than bivoltine in Britain since Assis 
Fonseca (1968) records adults from March to October. Séguy (1923) however gives 
July to October for France where he states it is common everywhere. 

Adults occur on foliage and flowers, including Umbelliferac (Séguy), and I have 
seen males captured in light traps. 

Distribution. Mainly Palaearctic; Azores and Canaries across North Africa to Syria 
and Tadzhikistan, north to south Wales, Lincoln (eastern England), southern Norway, 
Sweden and Finland. However north of the Alps decidedly localised and becoming rare 
towards northern limits of range. Also recorded from Taiwan. 


Hebecnema nigricolor (Fallén) 
(figure 106 j) 


Puparium, The single puparium examined differs from umbratica and vespertina 
(affinis) in being much smoother, shinier and more translucent. Unfortunately it had 
been mounted in such a way as to obscure the ambulatory welts and anal spiracles, 
though the former appear very similar to other species in having larger spicules across 
the welt, with smaller ones in front and behind. 

Cephalopharyngeal skeleton indistinguishable from umbratica and vespertina. 
Length about 5.5 mm. An.sp 0.09 mm (# = 1). 

Material studied. 16 with puparium, Rothamsted, Hertfordshire (England), cx old 
cow pat, B.R. Laurence (MAGD). 

Biology. This is the only larval association for this common species that I know, and 
so it seems likely that it is not a true member of the cow dung community; perhaps it 
develops mainly in humus soil or decaying vegetable matter. In Britain the adult is at 
least trivoltine, with main emergences in June, August and October. Under favourable 
conditions adults are out as early as February and as late as November (Thornley, 
1935; Assis Fonseca, 1968). They visit excrement, honeydew and numerous flowers. 
Lobanov (1977b) records it breeding in manure. 

Distribution. Holarctic: Corsica to northern Scotland and Lapland and in Nearctic 
from Oregon and Massachusetts to about 65°N in Alaska. 


Hebecnema uniseta Hennig (nigrita Vockeroth) 
(figure 107 a—d) 


Ovum. Figured by Vockeroth (1972) and Ferrar (1979a). Very like umbratica but 
hatching pleats only papillose anteriorly and anteromedian horn more broadly 
acuminate. Length about 1.2 mm. 12 ovarioles (Vockeroth). 

Puparium. Shining orange, translucent, with segmental boundaries and muscle scars 
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marked by distinct knots. Cuticular surface with numerous tiny concolorous granules. 
General shape like umbratica but caudal segment more like vespertina. Ventral 
abdominal welts on segments 1—7 with 2—3 rows of larger blunt spicules followed and 
preceded by 2—5 very obscure serrate rows (on most segments about 5 rows before the 
large ones and 2 behind, medioventrally). Anal plate as in umbratica; 3—4 prospiracular 
lobes. Anal spiracles concolorous orange, with yellow slits subparallel or very slightly 
convergent. Pupal horns very long, shining blackish, curved forwards and downwards 
(length 0.24 mm). 

Cephalopharyngeal skeleton identical to vespertina. Length 3.15—4.20 mm. An.sp. 
0.05 -0.07 mm. Ceph.skel. (0.10; 0.13; 0.39) = 0.60 mm. AB = 0.016—0.017 (# = 23). 

Material studied. 16, 1? with puparia, Daintree, Queensland (Australia), i.70, bred 
from bovine dung, Ferrar (BMNH); 2d, 39 with 21 puparia, no locality, but pre- 
sumably same as preceding ones (ANIC). 

Biology. Ferrar reared this from bovine dung, noting that pupariation occurs at the 
dung—soil interface and that a primitive cocoon of debris loosely agglutinated by a 
‘permanently damp’ gelatinous material, is made. Vockeroth found that an egg 
dissected from an adult contained a second instar larva. 

Distribution. Australasian and Oriental; Indonesia through Papua New Guinea, 
where it ascends to 1700 m, to central Queensland (Australia). 


Hebecnema rufula Vockeroth 


Ovum, Apparently similar to uniseta but possibly slightly larger. Vockeroth (1972) 
states that the egg in rufula is about two thirds length of abdomen (half as long in 
uniseta), but rufula is of a very slightly smaller average size (i.c. 4.1—4.4 as against 
4.3—4.5 mm). 

Biology. Adults have been recorded from human faeces and Vockeroth found that a 
female which he dissected contained a very large second instar larva and one empty egg 
shell. Whether in fact there is only one ovariole was not stated, but quite clearly the 
species is viviparous, depositing cither a late second or early third instar larva. 

Distribution. Known only from Papua New Guinea where it is widespread, 
ascending to 1700 mm. 


Hebecnema infuscata (Bigot) 


Biology. Vockeroth (1972) found that a female which he dissected contained a 
large second instar larva but no trace of an egg shell. He records the adults from human 
faeces. Evidently another viviparous species, the female depositing a late second or 
perhaps an early third instar larva. 

Affinities. Vockeroth states that reports of fummosa from New Caledonia by Stein 
really refer to this species, which he compares with rufula and uniseta. 

Distribution. Only known from New Caledonia and Papua New Guinea, where it is 
widespread up to 900 m. 
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Subfamily COENOSIINAE 
(figures 107-131) 


Ova. Mydaea-or Phaonia-type. Length 0.80 — 1.75 mm. Up to 42 ovarioles. 

Larvae. Monomorphic (perhaps sometimes dimorphic) obligative carnivores, usually 
with longitudinally striated cuticle, sometimes of aberrant form with false legs on 
ventral abdominal welts and in anal region, and anal spiracles on long processes. 
Anterior spine bands absent to complete on all segments. Ventral abdominal welts in 
unspecialised forms usually with numerous transverse rows of minute serrations, more 
rarely with fewer rows of very large spicules. Anal region sometimes extensively 
spiculate, often with at least extra-anal papillae which in some species appear to have 
developed into long false legs (see sg. Calliophrys). Pre-anal welt sometimes with single 
median patch of strong spicules which may crown a single median false leg (see 
Graphomya and sg. Calliophrys), or with two widely spaced false legs (Lispoides etc.). 
Anal plate usually conspicuous, often strongly transverse; 2—5 (very rarely up to 10) 
prospiracular lobes. Anal spiracles minute to rather large, slits subparallel to con- 
vergent (very rarely radiate), on median scar, straight to strongly sinuate (see 
Graphomya). 

Cephalopharyngeal skeleton usually heavily sclerotised and chiefly remarkable in 
the range of forms of the ph; this is often highly aberrant (compare Villeneuvia 
aestuum with Graphomya ?atripes); pve very rarely with dorsal prominence but often 
greatly deepened behind; pc often with peculiar characteristic fenestra (as in 
Hebecnema). Length up to 20 mm. 

Puparia, Smooth and shining, of generalised form, to dull and coarsely reticulate, 
sometimes highly aberrant forms (see Graphomya, Calliophrys). Length 3.05 — 12.05 
mm. An.sp. 0.04—-0.19 mm. Ceph.skel. 0.51—1.70 mm. AB = 0,005-—-0.029. 

Biology. A characteristic feature of this subfamily is the widespread adaptation to 
aquatic habitats by the larvae, probably arising from the association of many genera 
‘ with mosses and terrestrial situations (i.e. humus soil, sand). Dung is very seldom 
utilised, and then probably only casually from contiguous substrates, but decaying 
plant material is a regular pabulum in some regions, and some Coenosia and related 
genera appear to be associated with particular plants where they feed presumably on 
specific phytophages. 

Affinities. Probably the most complex muscid subfamily, this can only be separated 
with difficulty from the Mydaeinae on the basis of adult morphology. Like that group, 
the eggs may be of the Mydaea- or Phaonia-type. No second instar coenosiine larva has 
been described and it is possible, though rather improbable in view of the AB ratios of 
some species (e.g. certain Lispe), that all are monomorphic. A remarkable feature of 
many aquatic coenosiine larvae, but by no means all, is the development of long false 
legs in the anal region, and to a lesser degree on the ventral abdominal welts, coupled 
with long anal spiracular processes. These structures are found nowhere else in the 
Muscidae and must be of some phylogenetic significance. It appears that 2 distinct 
types have arisen, as exemplified by sg. Calliophrys and Lispoides, and that they occur 
only in the Limnophora and Coenosia ‘branches’ of the subfamily respectively. Note 
that ‘Disney’s Xenomyia’ has the Lispoides-type and on adult characters appears not to 
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belong to Xenomyia (which has the Calliophrys-type). Taken in isolation Graphomya 
appears very aberrant, but a range of somewhat similar forms occurs in Spilogona and 
Limnophora and it has the median pre-anal false leg of Calliophrys. | agree with 
Lobanov (1977b) in placing this genus close to Limnophora rather than in the 
Mydaeinae. No known mydaeine larvae remotely approach Graphomya in form. 
Traditionally the genus Atherigona was included in the Coenosiinae, but it clearly has 
no place here as stated earlier. It has also been customary to give the Coenosia, Lispe 
and Limnophora groups at least tribal status, but I have been unable to separate any of 
these on the basis of larval morphology and have therefore retained only 2 arbitrary 
divisions in this subfamily. It appears however that there are two main branches 
arising from Spilogona, one culminating in sg. Calliophrys and Xenomyia, the other in 
Coenosia; Lispe appears to belong to the former. Spilogona probably includes the most 
primitive elements of the subfamily, and it is perhaps significant that in the morphology 
of the larval mouthparts the genus resembling Spilogona most closely appears to be 
Hebecnema. : 

The cosmopolitan range of many genera is regarded as being an indicator of their 
antiquity (Hennig, 1959), It is interesting to note that coenosiines predominate over 
other muscids both in polar regions (Hennig, 1959; McAlpine 1964, 1965a, b) and in 
high montane equatorial regions (Emden, 1951). 

Distribution. Cosmopolitan. 


Tribe LIMNOPHORINI 
(figures 107~—126) 


Genus Spilogona Schnabl 
(figures 107-115) 


Ova, Phaonia-type. Length 0.80—1.18 mm. Up to 42 ovarioles. 

Larvae. Monomorphic (?sometimes dimorphic) obligative carnivores. Integument 
usually strongly longitudinally striate. Ventral abdominal welts often strikingly spic- 
ulate and sometimes with complete spine bands on thoracic and proximal abdominal 
segments. Anal region often widely spiculate and extra-anal papillae sometimes 
enlarged to form distinct false legs; 2—3 prospiracular lobes. Anal spiracles minute to 
small, sometimes strongly extruded, slits straight, convergent. 

Cephalopharyngeal skeleton without tooth on pvc; this sometimes very deep but 
usually ph very elongate. Hs rarely with dorsal tooth. Length up to about 18mm, 
usually much less. 

Puparia. Some of the aquatic species of very distinctive form but most undisting- 
uished. Length about 3.5—12 mm. An.sp. 0.06—0.17 mm. Ceph.skel. 0.70—1.70 mm. 
AB — 0.010-—-0.028. 

Biology. Most breed in damp soil and moss cushions, from which some have invaded 
drier situations whilst others have become entirely aquatic. Most adults are normally 
predaceous. 

Affinities. A large and difficult genus, in which specific identifications often present 
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Figure 107. Hebecnema uniseta: a, cephalopharyngeal skeleton from puparium; b, detail of spic- 
ulation on ventral abdominal welt 4 of puparium;c, anal plate of puparium; d, anal spiracles of 
puparium; Spilogona sp.indet. (Takaka Hill): e, cephalopharyngeal skeleton from puparium; f, 
pupatium (dorsal view); g, anal spiracles of puparium;h, anal plate and pre-anal welt of puparium; 
S. sp.indet. (L. Sylvester): i, cephalopharyngeal skeleton from puparium; j, anal spiracles of 
puparium. (Scales: a, e, g, h, i, j 0.24 mm; b 0.05 mm, c, d 0.07 mm; f 0.61 mm) (Orig.). 
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great problems. In this study the spectacular New Zealand Spilogona remain un- 
described. 

I am following Hennig’s (1965) division of the genus into (a) New Zealand 
Spilogona; (b) spined species; and (c) spineless species. The spines on the postgenital 
plate of the female ovipositor undoubtedly function as in certain asilids and Helina 
protuberans. 

Hennig suggests the spineless group may be close to the ancestral type, and that 
Limnophora may have arisen from the same stock as the spined Spilogona. From the 
species described here it is possible to see a trend towards the Coenosiini; in some 
species pseudopods arise from the area of the anal plate and in melanosoma and 
torreyae (inter alia) they are located further forward than in Limnophora, tending 
rather towards the position formed in Caricea and Lispoides. 

Amongst the species dealt with here the spineless brumneisquama and the spined 
surda have relatively large anal spiracles and are most probably dimorphic. 

Distribution. Cosmopolitan, but most numerous in higher latitude and in elevated 
areas; in tropical regions mainly montane. In high arctic ice-free tundras the only 
muscids present belong to this genus (see McAlpine, 1964, 1965a, on Ellef Ringnes 
Island). 


Section (a), New Zealand Spilogona 


Spilogona sp.indet d (Takaka Hill) 
(figure 107, 108 e—h) 


Puparium. Very large, with thoracic segments slightly depressed and laterally 
flanged and somewhat constricted across base of abdominal segment 1. Dull reddish, 
matt shining, subopaque with surface strongly transversely rugostriate, especially 
along segmental boundaries. Caudal segment more closely sculptured, with very 
narrow zone of stronger, irregularly concentric folds around slightly concave perispira- 
cular field; rest of caudal segment with finer, very dense rope-like folds. Cuticular 
knots along segmental margins and muscle scars rather obscure, the dorsal scars on 
caudal segment represented by rugose ridges. Thoracic, and at least abdominal 
segments 1—5 with complete anterior spine bands composed of about 5 rows of 
extremely fine serrations; ventrally they expand to occupy the ventral abdominal 
welts where about 12—15 such rows occur on welts 1- 8. At least a medioventral patch 
of similar serrations behind anal plate; this deeply rugose, conspicuously blackish and 
about 2.5 times wider than long; 2 prospiracular lobes. Anal spiracles with peculiar 
dorsal point on peritreme; slits strongly convergent. Pupal horns short, blackish, 
surrounded by extensive black patch. 

Cephalopharyngeal skeleton very elongate with pyc much shorter than pdc. Length 
7.90mm. An.sp. 0.11 mm (including point on peritreme). Ceph.skel. (0.20; 0.18; 
1.20) = 1.52 mm. AB = .014 (n = 1). 

Material studied.1d with puparium, Takaka Hill (New Zealand), coll. 10.x, adult 
em. 9.xi.45, ex soil, B.B. Given (NZAC). 
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Figure 108. Spilogona sp.indet. (Takaka Hill), adult male: a, anterolateral view; b, front tarsus; c, 


apical joint of front tarsus; d abdominal tergites (posterodorsal view). (Scales: a, d 0.61 mm; b,c 
0.24 mm) (Orig.). 
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Affinities. The adult here figured would run out very early in Hennig (1959) to the 
lapponica or karelica group, having very wide frons, distinct superior orbital and very 
broad jowls. Apart from the very large size and long-haired eyes the most unusual 
feature is the ornamentation of the front- and mid-tarsi, the former being ventrally 
carinate, the carina ending ina large pre-apical ventral lobe on segment 4. Apical tarsal 
segment of front-tarsi lengthened, of mid-tarsi with strong lateral brush of coarse 
flattened black spines. Tibiae and tarsal segments 1—4 clear orange. Puparium unique 
amongst those seen so far, in possession of dorsal tooth on peritreme of anal spiracles. 
Unusual features for Spilogona are the well-developed spicular bands around most 
segments and the very large size. The former would suggest this is a primitive specics. 

Hennig (1965) suggests that the New Zealand Spilogona are the oldest members 
of the genus. Biology and specific identity of this species not known. 

Distribution. New Zealand: Takaka Hill, South Is. 


Spilogona sp.indet ? (L.. Sylvester) 
(figure 108 i, j) 


Puparium. Similar to preceding but much larger, much less densely transverse 
striate, with wide shining interspaces, especially on caudal segment where rope-like 
sculpture absent. Spicular bands and welts similar. Anal plate concolorous reddish, 
ill defined; 3 prospiracular lobes. Anal spiracles with only very weak dorsal lobe on 
peritreme; slits less strongly convergent. 

Cephalopharyngeal skeleton similarly very elongate but pve as long as pde and ph 
anteriorly with very distinct at and deep superior od. Length 11.63 mm. An.sp. 0.14 
mm. Ceph.skel. (0.24; 0.18; 1.30) = 1.70 mm. AB = 0.012 (@ = 1). 

Material studied. 1° with puparium, L. Sylvester (New Zealand), 4300-5000 ft, 
8.xii.54, from soil beneath Curpha alpina, B.B. Given (NZAC). 

Biology. Unknown but possibly associated with Carpha alpina or merely humicolous. 

Affinities. This female appears very close to the preceding species and may be 
conspecific as chaetotactic and general structural details suggest this. The postgenital 
plate has some short strong spines. Whilst the puparium closely resembles the previous 
one, there are some differences in the structure of the larval mouthparts, most notably 
in the apparently strong atrial angle — a feature almost unknown outside the 
‘musciform’ subfamilies. The dorsal tooth on the anal spiracular peritreme is less 
distinct in this example and there are 3, not 2, prospiracular lobes. 

Distribution. New Zealand: Lake Sylvester, South Is. 


Section (b). Spineless Spilogona 


Spilogona aerea (Fallén) 
(figure 109 a) 


Ovum. Creamy-white with hatching pleats irregularly wavy along entire margins; 
dorsal strip, between pleats distinctly reticulate, the surface meshes being about 
0.015—0.020 mm in diameter. Length 0.97—1.08 mm (n = 30). 35 ovarioles. 
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Biology. Like Karl (1930), I find this to be an halobiont occurring in coastal 
marshes. At Gibralter Point (Lincolnshire, England) it was abundant amongst 
Limonium in mid-July, 1975. Some of the females collected had their ovaries full, 
others had clearly recently laid. Assis Fonseca (1968) records it only from coastal 
areas of Britain but in Germany Karl also records it from saline localities inland, and 
also from montane regions. In Britain there is evidently only one generation of adults 
annually, extending from June to August (Assis Fonseca, I.c.). 

Distribution. Holarctic: in Europe mainly coastal, from Orne (N.W. France) to Isle 
of Rhum (Scotland) and around North Sea and Baltic shores to Swedish Lapland. In 
North America from Washington to Alaska. 


Spilogona biseriata (Stein) 
(figure 109 b—e) 


Ovum. Very like aerea but yellowish and larger. Length 1.08—1.18 mm (a = 30); 
42 ovarioles. 

Larva, Instar 3: monomorphic with cuticle conspicuously longitudinally striate. 
Ventral abdominal welts very distinct on all segments, consisting of about 10 very fine 
serrate rows; on segments 1—4, 3—4 of these rows extend over dorsal surface. Papillae 
of anal region indiscernible, the whole area being coarsely rugose. Length 9mm. An.sp. 
0.07 mm. Ceph.skel. (0.10; 0.10; 0.57) = 0.77 mm (n = 1). 

Puparium. Shining pale-reddish, strongly longitudinally striate. Abdominal welts 
1-8 with about 10 ranks of uniform-sized spicules. Anal plate slightly wider than long, 
surrounded by spicules similar to those on welts; 3 prospiracular lobes. Anal spiracles 
minute, slits strongly convergent. Pupal horns rather long. Length 4.5—5.1 mm. An. 
sp. 0.07mm. Ceph.skel. (0.10; 0.10; 0.52)—(0.12; 0.12; 0.57) = 0:70—0.77 mm. 
AB = 0.014—0.015 (7 = 5). 

Material studied. | mature larva, 5 puparia, Spurn, Yorkshire, 4.ix.74, under 
Enteromorpha; 30 ova, ex adults, Gibralter Point, Linconshire (England), 15.vii.75, 
P. Skidmore (MAGD). 

Biology. The above descriptions are from larvae and puparia found under dense 
mats of Enteromorpha on saline mud by the mouth of the Humber estuary, where 
they were found with numerous Lispe loewi puparia, and adults of the alysiine 
braconid /diasta maritima (Haliday), the latter no doubt parasitic on one of these 
flies. The Spilogona adults emerged during the following 3 weeks indoors and probably 
did so in nature. On 8 June 1975 the site was revisited but only adults were found, 
these being in abundance and some females had mature ovaries. In mid-July 1975 at 
Gibralter Point, some 50 miles down the coast biseriata adults were still abundant with 
S. aerea and Lispe litorea. An empty biseriata puparium was found amongst many 
Lispe. Later I found biseriata inland at Mickletown Ings on the River Aire near Leeds, 
Yorkshire (England), a site remarkable for its brackish water fauna. Adults in Britain 
recorded from May to September (Assis Fonseca, 1968) but there appear to be 2 
generations annually, the first flying from May to July, the second in September. 

Distribution. Europe: coasts from mouth of R. Orne (France) to Dumbarton 
(Scotland) and eastwards to southern Sweden. Occasionally inland in saline areas. 
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Figure 109. Spilogona aerea: a, ovum (laterodorsal view): S. biseriata: b, cephalopharyngeal 
skeleton from puparium; c, puparium in ventral (left) and dorsal view (right); d, detail of spic- 
ulation on ventral abdominal welt 4 of pupartum;e, anal spiracles of puparium; S. brunneisquama: 
f, puparium (lateral view) (frontal caps missing but indicated by dotted line); S. contractifrons: g, 
cephalopharyngeal skeleton from puparium; h, puparium (dorsal view); i caudal segment of 
puparium (dorsal view); j, same (ventral view). (Scales: a, e 0.20 mm; b, d, g 0.10 mm;c, f,h, i, j 
0.78 mm) (Orig.). 
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Spilogona brunneisquama (Zetterstedt) 
(figure 109 f) 


Puparium. Pale orange-red, distinctly longitudinally striate throughout and caudal 
segment with stronger transverse folds. Region around anal plate finely but densely 
spiculate like ventral abdominal welts. Anal spiracles separated by more than width of 
one, exerted; slits convergent. Length about 6mm (estimated, cap missing). An.sp. 
0.12 mm. AB = 0.020 (n = 1). 

Material studied. 1¢ with puparium, Braeriach, Inverness-shire (Scotland), 28.vi.33, 
under moss on ground, at 3500 ft, R.L. Coe (BMNH). 

Biology. Probably dimorphic, the anal spiracles being rather large. Lobanov 
(1977b) records this breeding in wood litter, but this is a generally common fly at and 
above the tree-line in northern parts of Europe and it probably more often breeds in 
dense moss cushions on rocks or soil. In Britain clearly univoltine, adults flying in June 
and July (Assis Fonseca 1968). 

Distribution. Palaearctic: boreo-montane species found on all main ranges from 
Central Europe to northern Scotland, northernmost Scandinavia and the Kola 
peninsula eastwards to western Siberia. 


Spilogona contractifrons (Zetterstedt) 
(figure 109 g—j) 


Puparium. Light-reddish, strongly polished, and distinctly longitudinally etched but 
without transverse striations. Ventral abdominal welts and anal plate as in biseriata; 3 
prospiracular lobes. Anal spiracular slits convergent. 

Cephalopharyngeal skeleton as in biseriata. Length 4.2 mm. An.sp. 0.06 mm. Ceph. 
skel. (0.10; 0.12; 0.61) = 0.83 mm. AB = 0.014 ( = 1). 

Material studied. 16 with puparium, Ceunant Llennyrch, Gwynedd (Wales); 15, em. 
29 vii.66, found amongst moss on stone by river, P. Skidmore (MAGD). 

Biology. Karl (1930) regarded this as a halobiont, whilst Lobanov (1977b) records 
it from the shores of reservoirs and from wood litter. In Britain it is perhaps the 
most eurytopic Spilogona, occurring also in very dry situations. Tiensuu (1936) 
records adults at honeydew. In Britain apparently univoltine, adults flying from May 
to July (Assis Fonseca, 1968). 

Affinities. Hennig suggests that arctica (Zett.) is at most an arctic subspecies of this 
insect, occurring beyond the tree-line and in Greenland. 

Distribution. Holarctic: Pyrenees to Murmansk and Kamchatka and, in the 
Nearctic, from British Columbia to Nain (Labrador), Firth River (Yukon), Aklavik 
(N.W.T.) and Churchill (Manitoba); Greenland. 


Spilogona vana (Zetterstedt) 


Biology. Lobanov (1977b) records this having been reared from dung. Rather 
eurytopic, occurring on coasts, sand dunes and inland bogs. 
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Distribution. Europe: Cornwall (England) to Iceland and Finnish Lapland eastwards 
to the central Urals (Soviet Union). 


Spilogona mydaeinaformis Huckett 
(figure 110 a—h) 


Puparium. Dull-orange, matt, subopaque, with greatly swollen caudal segment and 
anal spiracles on conspicuous dorsoapical projections. Integument with very distinct 
longitudinal aciculations and much finer transverse striations, especially on the inter- 
segmental areas which have broad regions of spicules arranged in serrate rows on meso- 
and metathoracic segments and on abdominal segments 1—7. Ventral abdominal welts 
on segments 2-7 with 2—3 rows of larger darker spicules preceded and succeeded by 
much finer ones arranged in serrate rows (about 3—5 such rows in front of, and 
behind, the larger ones); these series join laterally beyond the outermost of the larger 
spicules, and extend over the dorsal surface. Anal region very conspicuously and 
broadly microspiculate (except on the small anal plate); extra-anal papillae enlarged to 
form short pseudopods upon which the terminal circlet of spines are rather larger than 
elsewhere on the caudal segment. Prospiracular process indisgernible and no external 
pupal horns. Anal spiracles black, with slits concolorous and almost invisible, con- 
vergent. 

Cephalopharyngeal skeleton with well-developed ar and pr, a rather elongate hs: 
lacking a dorsal tooth, and very deep, rather lightly sclerotised pyc and pdc. Length 6.6 
mm. An.sp. 0.06 mm. Ceph.skel. (0.14; 0.13; 0.77) = 1.02 mm. AB = 0.009 (n = 1). 

Material studied. 1° with puparium, Chesterfield, N.W.T. (Canada), 14.vii.50, from 
tundra pool, J.R. Vockeroth (BMNH). 

Biology. Like the very similar obscura, an aquatic species breeding in pools in 
boggy tundra, the inflated caudal segments presumably adapted to maintain buoyancy. 
Adults have been taken from late June to mid-August and the fly is evidently univoltine. 

Affinities. Very closely related to obscura Malloch, this probably only differs in 
the adult’s shining haustellum, darker haltere knob and stronger tibial apicals. It is 
also near to the Palaearctic tundrica (Schnabl). The form of the larval mouthparts is 
unusual for spineless Spilogona, resembling some spined ones and many of the Coenosia 
group. 

Distribution. Nearctic; Naknek (Alaska) to Churchill (Manitoba) northwards to 
Firth River (Yukon) and Spence Bay (N.W.T.). 


Spilogona obscura (Malloch) 
(figure 110 i) 


Puparium. Very similar to mydaeiniaformis but, according to Malloch’s (1919) 
figure much more strongly constricted across abdominal segment 6, which is slightly 
longer than wide (about 4:3.5), and with anal spiracles not exserted. 

Cephalopharyngeal skeleton as in mydaeinaformis but pyc much broader than pdc. 
Malloch’s figure is incomplete, lacking the aco. Length 12.5 mm. 
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Figure 110. Spilogona mydaeiniaformis. a, cephalopharyngeal skeleton from puparium; b, puparium 
(dorsal view) (cuticular striation only shown on part);c, posterior end of puparium (ventral view); 
d, same (lateral view); e, cuticle of puparium (dorsal surface); f, detail of spiculation on ventral 
abdominal welt 5 of puparium; g, anal region of puparium (ventral view); h, perispiracular field of 
puparium (posteroventral view); §. obscura; i, puparium. (Scales; a, f, g 0.20 mm; b,c, d 0.60 mm; 
e 0.24 mm;h 0.30 mm;i 1.60 mm) (i after Malloch, 1919, rest orig.). 
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Biology. Malloch (1919) found the larvae in boggy pools on the tundra and puparia 
floating on the surface. He suggested that the remarkably inflated caudal segment was 
an adaptive device to maintain buoyancy. 

Affinities. Assigned by Malloch to a distinct genus (Mydaeina) on the strength of 
the unusual larval morphology, but now regarded as belonging to the genus Spilogona. 

Distribution. Nearctic: Fort Churchill to Clyde Inlet, Baffin Island (N.W.T)., west 
to Point Barrow (Alaska). 


Spilagona micans (Ringdahl) 
(figure 111 a—e) 


Puparium. Translucent orange, distinctly longitudinally striate and with fine trans- 
verse striations at segmental margins. Ventral abdominal welts distinctly microspiculate 
(at x 40), with about 10—12 regular serrate rows across each welt, the anterior spicules 
on cach welt rather larger than the posterior ones. Anal plate small, about twice as 
wide as long, surrounded by wide zone of similar serrate rows; pre-anal welt with 
about 4 spicular rows. Caudal segment with zone of folds around perispiracular field 
whence longitudinal folds radiate; 3 prospiracular lobes. Anal spiracles dull-red, with 
convergent pale yellow slits, on black bases and separated by width of one of these. 
Length 4.0mm. An.sp. 0.09 mm. Ceph.skel. (0.10; 0.11; 0.54) = 0.70 mm. AB = 0.022 
(n= 1). : 

Material studied. 1? with puparium, Great Whale River, Quebec (Canada), 16.vii.49, 
found on sandy beach, J.R. Vockeroth (CNC). 

Biology, Unknown but evidently a sabulicolous species. 

Distribution. Holarctic: southern Norway to Lapland, and from Savonoski (Alaska) 
eastwards to Great Whale River (Quebec) and Caribou Island (Labrador), north to 
Firth River (Yukon), Thule and Hekla Havn (Greenland). 


Spilogona litorea (Fallén) 


Biology. Under the name of this species Schmidt (quoted in Hennig, 1959) 
produced a detailed study of a muscid which was able to tolerate remarkably high 
saline concentrations, and partly on the strength of this paper Kar] (1930) classed this 
as a halophile. Hennig regards the record and conclusions as highly dubious, and 
Pont (pers.comm.) feels that no Spilogona record as carly as 1913 should really be 
accepted without being checked. Schmidt found larvae commonly in July, but in 
Britain it appears that this species is univoltine, with adults flying from May to early 
July, and it is improbable that larvae would occur abundantly at that time of year. At 
least in Britain this species is certainly not a halophile but is one of the more eurytopic 
Spilogona. Lobanov (1977b) records it from shores of reservoirs. 

Distribution. Europe: Carinthia (Austria) to northern Scotland and Lapland east- 
wards to Leningrad (Soviet Union); commoner in northern parts of range. 


Spilogona dasyops (Stein) 
(figure 111 f—h) 
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Figure 111. Spilogona micans: a, cephalopharyngeal skeleton from puparium; b, detail of ventral 
abdominal welt 4 of puparium; c, perispiracular field of puparium; d, caudal segment of puparium 
(ventral view); e, anal spiracle of puparium; S. dasyops: f, cephalopharyngeal skeleton from 
puparium; g, puparium (dorsal view), showing also more exserted ana! spiracles of another 
specimen; h, perispiracular field of puparium. (Scales: a 0.22mm; b 0.22 mm; c 0.10 mm;d 0.22 
mm,;e 0.17 mm; f 0.24 mm; g 0.61 mm;hk 0.25 mm) (Orig.). 
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Puparium. Very dull, mid brownish-red, matt and featureless throughout and 
lacking distinctly spiculate ventral abdominal welts. In general shape very like a 
Mydaea. Anal spiracles slightly to distinctly protuberant, yellowish with dark 
peritreme, slits convergent. Pupal horns fairly long and fine. 

Cephalopharyngeal skeleton very like contractifrons. Length 6.36—6.50 mm. An.sp. 
0.08 mm. Ceph.skel. (0.13; 0.12; 0.73) = 0.98 mm. AB = 0.012—0.013 (# = 2). 

Material studied. 1? with puparium, Black Mt., bred 21.ix.36; 1° with puparium, 
Lake George, N.S.W. (Australia), xii.1950, puparium found in lake edge debris, K.R. 
Norris (ANIC). 

Biology. Evidently breeds by lakes, amongst flood refuse etc. 

Affinities. Relationships not known, but probably with one of the New Zealand 
species groups of Spilogona. 

Distribution. Australia. 


Section (c). Spined Spilogona 


Spilogona arcticola Huckett 
(figure 112 a—d) 


Puparium. Translucent orange-yellow, finely longitudinally striate, especially on 
thoracic segments. Caudal segment with perispiracular field dorsal, surrounded by dark 
concentric folds: 3 prospiracular lobes. Anal spiracles orange with very dark peritreme 
and convergent slits. 

Cephalopharyngeal skeleton with pve and pdc very deep, like obscura. Length 4.7 
mm. An.sp. 0.06 mm. Ceph.skel. (0.10; 0.09; 0.55) = 0.72 mm. AB = 0.013 (n = 1). 

Material studied. 1d with puparium, Tunslove River bank, Devon Island, N.W.T. 
(Canada), coll. 2.vi, em. before 10.vii.71, J.K. Ryan and C.R. Hergert (CNC). 

Biology. Unknown but presumably breeding in damp mossy parts of tundra, where 
adults have been taken in Junc and July. Univoltinc. 

Distribution. Nearctic: Coral Harbour (Southampton Island), Clyde Inlet (Baffin 
Island) and Devon Island. 


Spilogona atricans (Pandellé) 


Biology. A larva and puparium in the Deutsches Entomologisches Institut were 
found by Korschefsky in wet moss by a spring at 1800m in the Arosa district 
(Switzerland) on 18.v.38 (Hennig, 1959). Lobanov (1977b) records it from shores of 
reservoirs, 

Distribution. Europe: montane species found in Pyrenees, Apennines, Alps and 
Sudeten. 


Spilogona setigera (Stein) (compuncta, authors) 


Biology. Regarded as a littoral species by Ringdahl and Remmert, who found 
puparia under Vaucheria overlying sand (Hennig, 1959), and noted from reservoir 
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Figure 112. Spilogona arcticola: a, cephalopharyngeai skelcton from puparium; b, pupariuin 
(dorsal view); c, caudal segment of puparium (ventral view); d, perispiracular field of puparium, 
S ?pusilla: e, cephalopharyngeal skeleton from puparium; f, detail of oral sclerites; g, anal spiracles 
of puparium. (Scales: a, d 0.12 mm; b 0.61 mm;c 0.24 mm;e 0.10 mm; f, g 0.024 mm) (Orig.). 


shores by Lobanov (1977b), this appears to be an univoltine montane species in 
Britain, flying in June and July. 

Affinities. Palaearctic range uncertain owing to confusion with other species. In 
Nearctic replaced by the very similar afliterata Huckett. 

Distribution. Palaearctic: Hennig gives positive records from Britain, the Baltic 
and from Tibet. 
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Spilogona marginifera Hennig 


Biology. Lobanoy (1977b) records this species breeding in forest litter. Records 
quoted by Hennig suggest it is primarily sabulicolous. 

Distribution. Europe: northern Czechoslovakia to northernmost Scandinavia 
eastwards to Leningrad district (Soviet Union). 


Spilogona ?pusilla (Huckett) 
(figure 112 e~g) 


Puparium. Orange-yellow, shining translucent, strongly longitudinally aciculated 
and with transverse striations along segmental margins and especially strongly on 
caudal segment but without perispiracular rugae. Ventral abdominal welts 2-8 each 
with about 20 rows of tiny serrations and similar ones in wide zone around anal plate. 
This slightly wider than long: 3 prospiracular lobes. Anal spiracles concolorous, 
protuberant, with slits convergent. Pupal horns short, blackish. 

Cephalopharyngeai skeleton with very deep pyc. Length 3.64 mm. An.sp. 0.06 mm. 
Ceph.skel. (0.10; 0.09; 0.59) =0.74 mm. AB = 0.016 (7 = 1). 

Material studied. 19 with puparium, Maycroft, Alberta (Canada), 5.vi.73, HJ. 
Teskey (CNC). 

Affinities. This was returned by Mr Pont as either S. pusilla Huckett or atrisquamula 
Hennig. According to Hennig (1959) albisquama Ringdahl is also closely related to 
these two. 

Distribution. Nearctic: Colorado to Fairbanks (Alaska), Aklavik (N.W.T.), Churchill 
(Manitoba) and Hebron (Labrador). Also Palaearctic: Sweden. 


Spilogona surda (Zetterstedt) 
(figure 113 a--g) 


Puparium. Glossy translucent reddish with segmental boundaries conspicuously 
constricted and entire surface longitudinally striate, most deeply on caudal segment 
where they end in the peripheral rugose area around the perispiracular field. This is 
visible in dorsal view in the Canadian example but not in the English one, which is 
also less strongly longitudinally striate. Ventral abdominal welts 2-8 each with about 
10 fine rows of serrations (spicules less than 0.01 mm long); segment 1 with about 5 
such rows but none on thoracic segments or anywhere on dorsal surface. Pleural 
sclerites invisible. Anal plate very transverse, lateral wings in Canadian example more 
narrowed and deflected backwards; plate surrounded by spiculate zone; 4 prospiracular 
lobes. Anal spiracles remarkably large (for this genus), blackish with disc fulvous, slits 
yellowish, convergent. 

Cephalopharyngeal skeleton with dorsal tooth on As. Length 5.45—6.0 mm. An.sp. 
0.15—0.17 mm. Ceph.skel. (0.14; 0.10; 0.69)—-(0.18; 0.15; 0.76) = 0.87—1.02 mm. 
AB = 0.027--0.028 (n = 2). 
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Figure 113. Spilogona surda: a, cephalopharyngeal skeleton from puparium (from England); b, 
same (from Canada); c, puparium (dorsal view); d, caudal segment of puparium (posterior view); 
e, same (ventral view); f, anal region of puparium (from Canada); g, anal spiracle of puparium 
(from Canada); Limnophora ?pandellet: h, cephalopharyngeal skeleton of mature larva. (Scales; 
a,b,h 0.10 mm;c 1.00 mm; d, e 0.50 mm; f 0.24 mm; g 0.05 mm) (Orig.). 
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Material studied. 1? with puparium, Kananaskis, Alberta (Canada), 19.vi.68, H.J. 
Teskey (CNC); 16 with puparium, Etherow Valley, Derbyshire (England), from river- 
side sandbank with puparia of micropezid, Trepidaria cibaria, coll. 11, em. 14.v.62, 
P. Skidmore (MAGD). , 

Biology. Kar] (1930) regards this as a halobiont but in Britain it is highly eurytopic. 
Apparently univoltine, adults flying in May and June in Britain (Assis Fonseca, 1968). 

Affinities. Unusual amongst the Spilogona so far examined in having unusually large 
anal spiracles, perhaps indicating dimorphism. 

Distribution. Holarctic; southern France to northern Scotland and Lapland, east- 
wards through Kamchatka into Nearctic Region where range extends from California 
to New York northwards to Reindeer Depot (N.W.T.). 


Spilogona varsaviensis (Schnabl & Dziedzicki) 


Biology. Karl (1930) records this from salt marshes and adjacent dunes, whilst 
Brauns (in Hennig, 1959) found it in the Honckenya peploides zone around stagnant 
pools. Remmert (1955) found larvae on the strand line and in Finland Krogerus 
(1932) regards it as a xerophilous species. 

Distribution. Europe: mainly Baltic shores from Germany and Poland to central 
Sweden and southern Finland, but with isolated populations in Swedish Lapland, 
Iceland and inland sites in Poland. 


Spilogona sp.indet. (near incerta Huckett) 
(figure 115 a—e) 


Puparium. Large, translucent, shining reddish-orange with segmental margins, 
laterodorsal and lateroventral muscle scars clearly marked with cuticular knots. 
Some transverse striations along segmental margins but apart from a few on the dorsal 
surface of the caudal segment, entirely lacking the usual longitudinal striations. Caudal 
segment with distinct dorsal muscle scars and with some linear rugae around the 
perispiracular field. Metathorax and abdominal segments 1 and 2 with extremely fine 
widely spaced serrate rows anteroventrally (about 4 rows on segment 2). Similar 
rows on following abdominal segments but also a few much larger acute spicules on 
each of welts 3—7. Pre-anal welt with about 3 rows of uniformly tiny spicules, Anal 
region otherwise apparently non-spiculate; anal plate conspicuous, transverse; 4 
prospiracular lobes. Anal spiracles protuberant, separated by the width of one, black 
with slits dull dirty ochreous, convergent. 

Cephalopharyngeal skeleton similar to surda but pdc shorter than pvc. Length 
6.67 mm. An.sp. 0.14 mm. Ceph.skel. (0.17; 0.12; 0.78) = 0.92 mm. AB = 0.020 
(n=1). 

Material studied. 1? with puparium, Cascade Trail, Banff, Alberta (Canada), 5000 
ft, vii.68, H.J. Teskey, 68-47 (CNC). 
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Figure 114. Spilogona leucogaster: a, cephalopharyngeal skeleton from puparium; b, puparium 
(dorsal view); c, anteroventral thoracic cap of puparium showing black median structure; d, detail 
of cuticular sculpture; e, perispiracular field of puparium; f, anal spiracle of puparium; S. melano- 
soma: g, cephalopharyngeal skeleton from puparium; h, puparium (dorsal view); i, detail of spicu- 
lation of ventral abdominal welt of puparium; j, posterior end of puparium (ventral view); k, 
perispiracular field of puparium; S. torreyae: 1, mature larva (lateral view); m, caudal segment of 


same (ventral view). (Scales; a, c, d 0.24 mm; b, f 0.60 mm; e, k 0.30 mm; g 0.25 mm;h 1.20 mm; 
20 61 weet 1 Deen) and m ofter Inhannsen 1936 rest orig.). 


371 


Affinities. This specimen was returned by Mr Pont as Spilogona sp.indet. but in 
Huckett (1965a) it runs down to the vicinity of incerta. The larval morphology 
suggests an affinity with surda, notably in the shape of the mouthparts, the shape and 
size of the anal spiracles and the 4 prospiracular lobes. An unusual feature however 
is the presence of two distinct sizes of spicules on the abdominal welts. 


Spilogona leucogaster (Zetterstedt) 
(figure 114 a—f) 


Puparium, Very coarsely sculptured orange-yellow, semi-translucent with entire 
integument irregularly rounded-reticulate, and with surface also increasingly strongly 
longitudinally aciculated distally and proximally. Caudal segment with hind-margins 
of reticulations irregularly raised to form series of concentric rugae around perispirac- 
ular field. Traces of extra-anal papillae but much of the ventral surface obscured by 
glue in single specimen examined. Mesothorax anteroventrally with peculiar intense 
black crescentic patch which from symmetry and precise shape appears not to be a 
malformation. Ventral abdominal welts not discernible due to method of mounting; 
3 prospiracular lobes. Anal spiracles black with disc dirty ochreous, slits convergent. 

Cephalopharyngeal skeleton with pyc much deeper than pdc. Length 3.9 mm. An. 
sp. 0.06 mm. Ceph.skel. (0.12; 0.11;0.89) = 1.03 mm. AB = 0.015 (n = 1). 

Material studied. 1° with puparium, ‘Saska’n’ (Canada), 16.v.26, reared from moss 
(CNC). 

Biology. Karl (1930) records this hygrophilous species from beds of Glyceria 
aquatica. 

Affinities. An aberrant Spilogona whose unusual larval morphology is probably an 
adaptation to an aquatic or semi-aquatic mode of life. It is uncertain whether the black 
crescentic mesosternal structure on the specimen described here is normal. 

Hennig (1959) says this is the only known Spilogona in which the female abdomen 
is entirely shining black, and he suggests that its only close relative may be the Central 
Asian argentea (Stein). 

Distribution. Holarctic: in the Palaearctic from Carinthia (Austria) north to 
Lapland and east to Igarka on the Yenisei, and Tien Shan (Pont, 1970); in the 
Nearctic from Washington to Wyoming north to the Bering Sea (Alaska), Herschel 
Island (Yukon), Cameron Bay (N.W.T), Churchill (Manitoba) and Saglek Fjord 
(Labrador). 


Spilogona melanosoma (Huckett) 
(figure 114 g—k) 


Puparium. A very unusual Spilogona in external features. Dirty-brownish, very 
strongly longitudinally and transversely striate with intersegmental areas very broadly 
dull matt by virtue of densely arrayed series of minute serrate rows. Caudal segment 
much narrower than preceding one and very coarsely rugose-reticulate with anal 
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spiracles on long divergent processes arising from a common tumescent base. Ventral 
abdominal welts 2—7 with serrate rows of shorter spicules medioventrally, bordered 
laterally by region of very large, broad spicules (c. 0.05 mm long), arranged in 1—3 
transverse rows bounded in front and behind by 2—5 rows of progressively smaller 
ones. Anal region densely microspiculate except on rounded areas on each side of 
anus. Extra-anal papillae very large and capped by long curved spines. 3 prospiracular 
lobes. Anal spiracles minute, slits convergent. 

Cephalopharyngeal skeleton with rather simple aco, rather shallow hs and fairly 
deep pre and pde. Length 5.7—5.9 mm. An.sp. 0.06—0.07 mm. Ceph.skel. (0.14; 0.14; 
0.78) = 1.02 mm. AB = 0.010—0.012 (n = 2) 

Material studied. 1612 with puparia, Hazen Camp, Ellesmere Island (Canada), 
(81°49'N, 71°18'W), 13.vii.62, R.B. Madge (CNC) 

Biology. Unknown but presumably breeds in wet places by tundra pools. 

Affinities. Luckett (1965a) regards this as very close to brunneifrons (Ringdahl) 
which occurs beyond the tree-limit in Jamtland, Swedish Lapland and the Kola 
peninsula. The unusual larva morphology suggests that it is probably aquatic like 
obscura, mydaeinaformis, torreyae and leucogaster but, like the last species, lacks the 
modified caudal segment and is thus possibly a shallow water or wet mud species. Note 
that the anal pscudopods (enlarged extraanals) appear further forward than in 
Limnophora, approaching the type found in S. torreyae, Lispoides and Caricea. 

Distribution. Nearctic: throughout the tundra region from Anchorage (Alaska) east 
to Great Whale River (Quebec) north to Lake Hazen on the north coast of Ellesmere 
Island. Evidently one of the most successful of tundra insects and one of the very few 
breeding beyond the eighthicth parallel. 


Spilogona torreyae (Johannsen) 
(figure 114 1—m) 


Larva. Mature larva: very slender with distinct longitudinal striations throughout. 
Ventral abdominal welts 2—7 conspicuous, strongly, densely spiculate, but without 
spicules above lower sides. Caudal segment elongate, with anal region densely spiculate - 
except on the slightly transverse anal plate; laterally with a pair of rounded ‘false legs’, 
appearing to arise from before the usual location of the extra-anal papillae, and not 
terminating in obviously enlarged spicules. Anal spiracles located laterally on a swollen 
bulbose lobe attached to distal end of caudal segment by a narrow neck. Length about 
13 mm. 

Puparium. According to Johannsen’s (1935) figure very similar to melanosoma. 

Biology. This aquatic species is dealt with by Johannsen (1.c.). 

Affinities. The location of the anal pseudopods is interesting because Johannsen's 
figures show them to be anterolateral in relation to the anal plate, approaching those 
of Lispoides aequifrons. 

Distribution. Nearctic: New York and New Hampshire (U.S.A). 
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Genus Villeneuvia Schnabl & Dziedzicki 


Villeneuvia aestuum (Villeneuve) 
(figure 115 f—h) 


Larva. Third instar: remarkably long and slender, only very gradually narrowing 
anteriorly. Caudal segment rather elongate with perispiracular region almost flat. Anal 
plate apparently restricted to anal opening and hence longer than wide. Anal spiracles 
minute, on elongate, peg-like tubercles. Details of ambulatory welts, prospiracular 
lobes and the postspiracular respiratory slits not known. 

Cephalopharyngeal skeleton with ph apparently only sclerotised anteriorly so 
appearing to consist only of anterior cornua joined by narrow lateral strip. Hs very 
elongate, without dorsal tooth; aco rather simple, ob and ar slender. Length 15mm. 
An.sp. 0.05 mm. Ceph.skel. (0.30; 0.27; 0.13) = 0.67 mm (estimated from Mercier’s 
(1921) figures). 

Biology. Mercier (1921) found larvae under stones in the tidal zone where they 
were associated with, and apparently predatory upon, Balanus. However they also 
develop in wet sand where Balanus do not of course occur and so they must prey on 
several littoral animals. Remmert (1955) found them in all stages of development in 
Corophium sand. Only known from brackish or littoral situations and Tiensuu (1941) 
found a salt concentration of 0.56% at one of the sites for this species at Eckero 
(Aland). Univoltine, the adults flying from June to August. 

Affinities. Whilst the oral sclerites of the mature larva as figured by Mercier are not 
unlike other muscids of the Limnophora group, the form of the pharyngeal sclerites 
is unique. Presumably the major part of the pharyngeal sclerites is unsclerotiscd and 
hence normally invisible, rather than totally absent. The biology is also unique 
amongst known muscids in that the larvae are virtually marine. 

Distribution. Palaearctic: coasts of northwest Europe from Brittany (France) to Isle 
of Skye and Sutherland (Scotland), east to Skallingen (Denmark) (Michelsen, 1977). 
Also occurs as a littoral relict in the Aland Islands (Tiensuu, 1.c.) 


Genus Lispoides Malloch 


Lispoides aequifrons (Stein) 
(figure 115 i--l) 


Larva. Instar 3: superficially like Caulliophrys in general facies. Cuticle, especially 
on caudal segment, longitudinally striate. Metathorax and abdominal segments 1 —7 
with complete anterior bands of spicules (in 6—10 rows) which are unusually strong on 
dorsal surface but still larger on swollen areas on each side of medioventral line on 
ventral abdominal welts where are paired, retractile pseudopods, strongest on 4—7. 
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Figure 115. Spilogona sp.indet.nr. incerta: a, cephalopharyngeal skeleton from puparium; b, detail 
of spiculation on ventral abdominal welt 7 of puparium;c, caudal segment of puparium (ventral 
view); d, perispiracular field of puparium; e, anal spiracle of puparium; Villeneuvia aestuum: f, 
cephalopharyngeal skeleton of mature larva; g, mature larva (lateral view); h, caudal segment of 
same (ventral view); Lispoides aequifrons: i, cephalopharyngea! skeleton of mature larva: j, mature 
larva (lateral view); k, caudal segment of mature larva (ventral view); 1, same (dorsal view). (Scales: 
a 0.10 mm; b 0.22 mm;c 0.28 mm; d 0.14 mm, e 0.07 mm) (f—h after Mercier, 1921, i—I after 
Johannsen, 1935, rest orig.). 
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Laterally, on the enlarged pre-anal welt are a pair of very large pseudopods crowned 
by terminal circlets of about 14 long curved spines (up to 0.4 mm). Otherwise the 
entire anal region devoid of spicules, before or behind the strongly transverse anal 
plate: 3 prospiracular lobes. Anal spiracles minute, on long conical processes. Length 
14mm (Johannsen, 1935). 

Puparium. Pupal horns extruded. Ventral abdominal welts and pre-anal false legs 
distinct. Length 7.0 mm (Johannsen). 

Biology. The larval habits closely resemble Culliophrys and are discussed by 
Johannsen (1935). 

Affinities. Hennig (1965) suggests that Lispoides and Lispe may be sister groups, 
arising from limnophorine ancestors. The most noteworthy larval feature is the 
location of the anal false legs. In Limnophora and Xenomyia they originate from the 
extra-anal papillar regions but in Lispoides they arise from the pre-anal welt. This 
strongly suggests that Lispoides is not particularly closely related to these other 
genera and that the resemblances are the result of adaptive convergence. On the other 
hand, ‘Disney’s Xenomyia’ and the Hawaiian Caricea fusca resemble Lispoides in 
possessing pre-anal pseudopods. 

Pont (1972c) lists 18 Lispoides species occurring from U.S.A. to Chile, 

Distribution. Nearctic-Neotropical: Anchorage (Alaska) to Fort Chimo (Quebec) 
south to Colombia. 


Genus Indet., ‘Disney’s Xenomyia’ 
(figure 116 a—f) 


Puparium. Superficially like Xenomyia; cuticle matt with very fine reticulate 
sculpture, the largest reticulae about 0.025mm diameter. Segmental boundaries 
strongly constricted, and ventrally, near front margins of abdominal segments 2—7, 
with a group of tiny black spines on cach side of the medioventral line indicating 
the location of retracted pseudopoda: these welts also with several continuous rows 
of the much weaker, concolorous spicules. Pre-anal welt with a pair of very long 
false legs ending in circlets of strong curved black spines (up to 0.1 mm long). Anal 
spiracles on very long processes as in Xenomyia, blackish apically and with some very 
fine ventral spines. Length 8.18 mm. An.sp. 0.04 mm. Ceph.skel. (0.15; 0.12; 0.64) = 
0.89 mm. AB = 0.005 (a = 1). 

Material studied. be with puparium, Mangulu (Cameroon), i.69, R.H.L. Disney 
(BMNH). 

Affinities. A very confusing specics, initially assigned provisionally to Yenomyia by 
Mr Pont, but later believed to belong to an undescribed genus of uncertain affinities. 
The resemblance between this puparium and the published descriptions of Lispoides 
aequifrons and Caricea fusca suggest that its true affinities may lie with these rather 
than with Xenomyia. (Compare the diagrams of the heads of this species and of 
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Figure 116. ‘Disney’s Xenomyia’: a. cephalopharyngeal skeleton from puparium; b, puparium 
(lateral view); c, postcrior end of puparium (ventral view); d. detail of spiculation in region of false 
leg on ventral abdominal welt 7; e, head of adult 6 (lateral view); f, same (anterior view); ‘Gouteux’s 
Xenomyia': g, cephalopharyngeal skeleton of mature larva showing also oral sclerites in striking 
position; h, posterior end of mature larva (lateral view); i, anal plate and pre-anal false legs of same 
(ventral view); j, caudal segment of mature larva (lateral view) showing also cuticular sculpture 
(inset); k, caudal segment of puparium (ventral view). (Scales: a, g 0.12 mm; b 1.20 min;c,e,f,h 
0.61 mm; d 0.18 mm;i, j, k 0.24 mm, j (inset) 0.05 mm) (Orig.). 
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Xenomyia). The present species is much more like a ‘coenosiine’, and indeed | was 
unable to run it down in Emden (1951) to the Limnophorinae as there is a distinct 
ad pre-apical and median ad on the hind-tibiae and 1 pair of prst dc. 

Distribution. Afrotropical: Mangulu (Cameroon). 


‘Gouteux’s Xenomyia’ 
(figure. 116 g—k) 


Larva. Superficially very similar to Xenomyia oxycera but obviously differing in 
the pre-anal rather than extra-anal location of the ‘anal’ false legs. Length up to 9.10 
mm. Ceph.skel. (0.14; 0.11; 0.63) = 0.84 mm (# = 4). 

Puparium. Very similar to the previous species but with a conspicuously wider anal 
plate. Length 6.40—7.60 mm. An.sp. 0.03 mm (# = 3). 

Material studied. 4 larvae, 3 puparia, ‘Goué, Doipleu, Danane’ (Ivory Coast), 6.iv. 
77, J.P. Gouteux (BMNH). 

Affinities. Evidently very closely related to Disney’s species but clearly distinct, 
being smaller and with a much larger anal plate. Gouteux’s note with the specimens 
(‘Xenomyia sp. 1 larves avec crochet’) suggest that he found them in the type of 
situation where he would have expected to find XYenomyia oxycera (see below). 

Distribution. Afrotropical: Danane (Ivory Coast). 


Genus Graphomya Robineau-Desvoidy 
(figures 117, 118) 


Ova. Phaonia-type. 

Larvae, Obligative carnivores, probably monomorphic. Thick-skinned with complete 
spicular bands on all segments and paired false legs on abdominal segments 2—7; 
pre-anal welt with median false leg and extra-anal and subanal papillae enlarged; these, 
together with the false legs of preceding segments usually crowned by very strong 
curved spines; spicules otherwise mostly in form of minute rows of serrations. Caudal 
segment produced strongly posterodorsally with cupulate perispiracular field bordered 
by 3 pairs of often sharp processes; 5 prospiracular lobes. Anal spiracles minute, on 
retractile processes; concolorous with slits straight to serpentine; parallel or nearly so; 
scar median, 

Cephalopharyngeal skeleton with complex oral sclerites including toothed ob and 
distinct pr. Ph elongate with peculiar darkened fold projecting from apex of pvc. 
Length up to about 16 mm. 

Puparia. These cannot be confused with any other known genus by virtue of the 
large size and characteristic shape. Cuticle very thick, coarsely rugose to conspicuously 
reticulate. Length 7.70—12.50 mm. An.sp. 0.07—0.09 mm. Ceph.skel. 1.33—1.44 mm. 
AB = 0.007—0.009. 

Biology. Larvae highly predatory, living in liquid or semi-liquid substrates and 
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Figure 117, Graphomya maculata: a, ovum (lateral view); b, micropilar end of same (dorsolateral 
view); ¢, same (lateroventral view); d, mature larva; e, detail of spiculation on false leg on ventral 
abdominal welt 7; f, cephalopharyngeal skeleton from puparium; g, oral sclerites of same; h, 
puparium (dorsal view); i, caudal segment of puparium (ventral view); j, anal spiracles of same; 
G. maculata leucomelas: k, pharyngeal sclerite from puparium; t, cuticular sculpture of puparium, 
m, anal spiracle of puparium. (Scales: a, e, f, k 0.20 mm; b,c, d, h 0.78 mm; g, j, m 0.10 mm;i 
0.40 mm;1 1.20 mm) (Orig.). 
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preying especially upon Syrphids (i.e. Eristalis, Myathropa), and Ptychopterids. 
Pupariation occurs in adjacent drier situations, and adults are mainly anthophilous. 

Affinities. Long regarded as a major problem to the systematist, this genus was 
fully discussed by Lobanov (1977b) who concluded, on the basis of the ovipositor, 
larval morphology and biology, that its main affinities lie with the Coenosiinae rather 
than the Mydaeinae. I had independently come to this view before seeing his work. 

Vockeroth (1972) suggests that the Australian Balioglutum Aldrich and the 
Javanese Bryantina Malloch may be closely related to Graphomya. 

Distribution. Cosmopolitan. 


Graphomya maculata (Scopoli) 
(figure. 117 a—m) 


Ovum. Hatching pleats foliate, ending in rounded lobes before poles. Length about 
1.0 mm. About 40 ovarioles. 

Larva. Instar 3: very thick-skinned, yellowish-pink. Head with last antennal segment 
elongate cylindrical, basal one short, with internal chitinised bulb. Maxillary palp 
with 10 sensory papillae, enclosed in chitinous wall, outside which are 2 extra papillae, 
each bulbose below. Labial palpi large, with long apical sensory seta. Thoracic 
segments each with complete anterior spicular band and a pair of ventral clusters of 
3 very long setae which may be vestigial thoracic legs. Abdominal segments 1—7 with 
complete anterior spicular bands and ventral abdominal welts 2—7 each with a pair of 
retractile false legs clothed in very coarse curved spines. Pre-anal welt with median 
spinose pseudopod. Caudal segment strongly produced posterodorsally, the anal 
spiracles borne on ends of retractile processes in cup-like declivity encircled:by 3 pairs 
of acute tubercles. Anal region with strongly spinose subanal and extra-anal papillae 
greatly enlarged; 5 prospiracular lobes. Anal spiracles minute, with median scar and 
almost straight, subparalle) slits (partly after Keilin, 1917). 

Cephalopharyngeal skeleton highly characteristic, with very complex aco 
comprising toothed ob and distinct pr, and ph with peculiar darkened fold-like apical 
appendage on prc. Length up to about 16 mm. 

Puparium. Unlikely to be confused with any other known genus by virtue of large 
size, very coarse sculpture which may show irregular reticulations, the strongly spinose 
shrunken false legs on the abdominal welts, and the elongate caudal segment. Length 
10-12.5 mm. An.sp. 0.09 mm, Ceph.skel. (0.20; 0.13; 1.15) = 1.42 mm. AB = 
0.007. 0.009 (n = 6). 

Material studied. 2 empty puparia, Coed Dolgarrog, Gwynedd (Wales), coll. vii. 69, 
ex wet rot hole in birch with Myathropa puparia; 1 puparium, Sandbeck Park, coll. 
7.v.77 amongst dead Carex acutiformis by lake, subsequently killed by zonitid snail; 
1 empty puparium, Thorne Moor, South Yorkshire (England), 7.vi.70, found amongst 
Sphagnum, P. Skidmore; 5 larvae, without locality, J. Robinson (MAGD); 1¢ ssp. 
leucomelas Wd., with puparium, Epe, Lagos (Nigeria), 13.xi.80, M. Watanabe (BMNH). 

Biology. It is not known whether second or third instar larvae leave the egg, 
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although the minute anal spiracles and Keilin’s (1917) observation that very small 
larvae are already highly carnivorous tend to suggest the latter. Whilst Meigen and 
Scholtz found larvae in dung and carrion, Keilin found them in putrid, highly organic, 
black mud in shallow pools amongst the Wimereux sand dunes, Pas de Calais (France), 
with larvae of tipulids, Ptychoptera, tabanids, Eristalis and scathophagids. When he 
enclosed a small Graphomya larva in a tube with a fully grown E£ristalis, the smaller 
maggot encircled its larger companion and bored into it with its powerful mouthparts, 
rapidly enlarging the hole and finally entering the Fristalis larva to scrape out the 
contents. Despite their formidable mandibles, Ptychoptera larvae were dispatched 
equally rapidly. The figures in this paper are from larvae from organic mud in which 
they were preying upon Eristalis, collected by Mr J. Robinson, and from puparia 
which I have found in a water-filled rot-hole in an old birch, where the larvae had 
evidently been preying on those of Myathropa florea (L.). 1 have also on occasion 
found empty puparia in rotting vegetable matter beside ponds and land drains. 

Keilin found that larvae can survive for months without feeding and the duration of 
the larval stage depends upon availability of suitable prey. Under optimum conditions 
the species is probably bivoltine in northern England, the progeny of overwintered 
puparia appearing as adults in August or September, but it is likely that in less 
favourable conditions the life cycle may take up to a year or more. 

The adults are mainly anthophilous, being particularly fond of Heracleum and 
Angelica but visiting a very wide range of flowers. 

Affinities. There is considerable doubt over the true status of picta Zett., some 
authors treating it as a distinct species and others (following Hennig, 1959) regarding 
it as a form of maculata in which the sexes are similarly coloured. Both forms some- 
times occur together and their puparia appear to be indistinguishable; I have no 
hesitation in considering them conspecific. More uncertain is the Afrotropical 
subspecies /eucomelas Wd. The single puparium of this form I have examined differs 
from maculata in having the integument unusually coarsely reticulate, except on 
anterior spicular bands where the transverse shagreenation and rows of serrations are 
very distinct; body surface devoid of long spines, even on the false legs where the 
longest are at most 0.01 mm long and entirely concolorous. Vockeroth (1972) notes 
that maculata is an extremely variable species or species complex, of almost 
cosmopolitan distribution and given to local races. 

Distribution. Almost cosmopolitan but absent from many remote island groups 
(e.g. New Zealand). 


Graphomya rufitibia Stein 


Ovum. The broad hatching pleats are obtusely denticulate along their free edges 
and do not project beyond the poles. Length 1.65 mm. 

Larva. Third instar: apparently very similar to maculata. Anal plate with lateral 
wings slightly deflected backwards and bounded by smooth anal papillae and spiculate 
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subanals and extra-anals; 5 prospiracular lobes. Anal spiracular slits subparallel and 
slightly sinuous. Dimensions not stated but presumably as in maculata (Fan, 1957). 

Cephalopharyngeal skeleton, according to Fan’s figure, very like maculata but with 
less conspicuous apical appendage on pvc. 

Biology. Fan (1957) found 2 puparia in heaps of garbage. 

Affinities. Evidently very closely related to maculata and perhaps actually 
conspecific, as suggested by Hennig (1959). 

Distribution. Oriental-Australasian: India to Taiwan and Australia (Vockeroth, 
1972). 


Graphomya hypocrita Vockeroth 


Ovum. Hatching pleats very slightly denticulate along free edges. About 11 
ovarioles? (Vockeroth, 1972), 

Affinities. According to Vockeroth closely related to atripes and setifrons. 

Distribution. Solomon Islands. 


Graphomya minuta Arntfield 


Ovum, Cream-coloured with hatching pleats 0.4 times diameter of egg, with 
hatching pleats more serrate lateroapically than in other Graphomya. Length 1.65 mm, 
At least 20 ovarioles (Arntfield, 1975). 

Larva. According to Arntfield’s figure of the mature larva, which he states is white 
in colour, ventral abdominal welts 2—7 have broad paired elevations clothed in long 
setiform spicules arranged in 2 transverse rows, anal plate with 2 papillae but otherwise 
caudal segment apparently without the typical processes found in other Graphomya 
species, merely rounded acuminate behind. Length 15 mm. 

Puparium. According to Arntfield’s figure of typical Graphomya shape. Pupal horns 
long, black. Length 6.81-—-8.01 mm (Arntfield). 

Biology. The larva figured by Arntfield was found in a swamp on 16 June 1968 by 
Dr H.J. Teskey, and puparia were found there and in wet Sphagnum magellanicum 
just above water level in a bog on 19 May 1971; the adults emerged from the latter 
12 days later, on 31 May. Winter is therefore spent in the larval stage and there is 
presumably one generation annually. Adults have occurred on sedges and Heracleum 
and Solidago flowers and at honeydew of Borrerina variabilis Rich. on Alnus. 

Distribution. Nearctic: Alberta (Canada). 


Graphomya ?atripes Malloch 
(figure 118 a—g) 


Puparium. Dull-orange, entirely clothed in dense transverse rows of very minute 
spicules (longest on caudal segment where about 0.01 mm long). General shape as in 


382 











Figure 118. Graphomya atripes: a, cephalopharyngeal skeleton from puparium; b, puparium 
(dorsal view); c, detail of spiculation in areas of dorsal surface of puparium as indicated; d, 
posterior end of puparium (spiculation only partly shown); e, spicules on false leg on ventral 
abdominal welt 6 as indicated; f, caudal segment of puparium (posterior view); g, anal spiracle of 
puparium. (Scales: a 0.12 mm; b, c,d, f 0.61 mm; e 0.24 mm; g 0.07 mm) (Orig.). 


maculata but with longer ‘tail’ and longer false legs on abdominal] welts (at least on 
5—7), these latter with very coarse black spines. Pre-anal welt with cushion of pale 
spines medially and false legs of anal region longer than in maculata, ending in very 
strong darkened spines. Perispiracular area blackish. Anal spiracles minute with slits 
serpentine. Pupal horns very stout, shining black. 
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Cephalopharyngeal skeleton unique in the exceedingly long, slender ph with its 
peculiar pde which appears to be unsclerotised in the distal half so that it is apparently 
only half as long as the pvc; this has a very short, slender apical appendage. Hs much 
more elongate than in maculata, and entire armature much finer than in that species. 
Length 7.70 mm. An.sp, 0.07 mm. Ceph.skel. (0.08; 0.09; 1.20) = 1.33 mm. AB = 
0.009 (2 = 1). 

Material studied. 1? with puparium, Badulla district (Sri Lanka), 20.viii.63, found 
amongst wet vegetable debris in dug-out canoe, M.D. Speight (BMNH). 

Affinities. The specimen was tentatively referred to atripes by Mr. Pont, who found 
that it differed slightly from the small series of that specics which he had available 
for comparison. In Vockeroth (1972) it runs down to the vicinity of setifrons, a 
member of the atripes group. 

Distribution. Oriental: only known from Borneo and Sumatra. 


Genus Pseudolimnophora Strobl 


Pseudolimnophora exigua (Wiedemann) (plumiseta (Stein)) 
(figure 119 a—f) 


Ovum, Very like Limnophora riparia but the long anterior horns with margins very 
finely denticulate, and median anterior lobe conspicuously developed. 

Larva. Instar 3: anal spiracles protuberant, peg-like, like Atherigona orientalis but 
brown, not black. Length 6 mm (Bohart & Gressitt). 

Puparium. Pale-orange with entire surface coarsely reticulate and lacking any clear 
spine bands or spiculate ventral abdominal welts. Caudal segment with dorsal grooves 
and margins of anal] plate deeply impressed; perispiracular field also impressed but anal 
spiracles, which are on short processes, prutruding and clearly seen from dorsal and 
lateral view. Anal spiracular slits convergent. Pupal horns long and rather thick (about 
0.18 x 0.06 mm). 

Cephalopharyngeal skeleton very like Limnophora riparia. Length 3.70—4.00 mm. 
An.sp. 0.07mm. Ceph. skel. (0.10; 0.08; 0.44) =0.63mm. AB = 0.017—0.019 
(n = 1). 

Material studied. 19 with puparium, Pt. Oca (Guam), 10.vi.45, village bait trap, 
Bohart & Gressitt (CAS). 

Biology. Adults of this forest species visit carrion, human faeces and decaying 
bread- fruit, oviposition occurring in the last-named medium, the larvae favouring the 
core tissue. The larvae are devoured by those of Atherigona orientalis. 

Distribution. Palaeotropical: Egypt and Israel, Africa (sparsely) through the Oriental 
Region to New Guinca. 
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Figure 119, Pseudolimnophora exigua: a, cephatopharyngeal skeleton from puparium; b, puparium 
(dorsal surface) (cuticular sculpture only partly shown); c, cuticular sculpture close to inter- 
segmental margin; d, cuticular sculpture away from intersegmental margins; e, caudal segment of 
puparium (lateral view); f, same (posterior view); P. nigripes: g, cephalopharyngeal skeleton from 
puparium; h, puparium (dorsal view); i, cuticular sculpture; j, anal plate of puparium; k, caudal 
segment of puparium (posterior view); 1, anal spiracles of puparium). (Scales: a 0.12 mm; b 0.61 
mm;c,d 0.05 mm;e, f 0.24 mm; g,1 0.23 mm;h 1.0 mm; i,j, k 0.24 mm) (Orig.). 
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Pseudolimnophora nigripes (Robineau-Desvoidy) 
(figure 119 g—l) 


Puparium. Very like exigua in most respects and with ventral abdominal welts 
merely indicated by closer, finer cuticular reticulations. Lateral area, between upper 
and lower series of muscle scars, distinctly swollen. Anal region, as rest of body, 
apparently without spicules, and anal plate very transverse; 5 prospiracular lobes. 
Anal spiracles not protruding from perispiracular concavity so not visible from dorsal 
or lateral view, separated by about the width of a basal aureole, slits convergent, scar 
median. 

Cephalopharyngeal skeleton very like exigua. Length 6mm. An.sp. 0.07 mm. Ceph. 
skel. (0.17; 0.14; 0.63) =0.93 mm. AB = 0.012 (n= 1). 

Material studied. 19° with puparium, Bridge L., British Columbia (Canada), 11.v.73, 
H.J. Teskey (CNC). 

Biology. Unknown but certainly not essentially a halophile as stated by Karl (1930). 

Affinities. According to Hennig (1960) this has a more northerly range than the 
very closely related triangula (Fallén), the type-species, which is only known with 
certainty from Europe and Central Asia. The genus Pseudolimnophora is mainly found 
in the Old World, this being the only species to occur in North America. 

Distribution. Holarctic: north Italy to northern Scotland and northernmost Scandi- 
navia eastwards through Manchuria into Nearctic where it occurs from Washington 
State and South Dakota to Firth River (Yukon), Churchill (Manitoba), Fort Chimo 
(Quebec) and Goose Bay (Labrador). ; 


Pseudolimnophora mesolissa Bezzi 
(figure 120 d—g) 


Puparium. Dull orange-brown, subopaque with coarse transverse reticulated 
sculpture and lateral regions between upper and lower muscle scars distinctly swollen. 
No obvious ventral ambulatory welts on abdominal segments, these regions appearing 
merely as narrow belts where the cuticular reticulae are reduced in size or otherwise 
complicated by transverse cuticular contractions. Caudal segment with concavities 
at lateral extremities of anal plate and between the plate and the perispiracular area. 
4 prospiracular lobes. Anal spiracles on conspicuous processes, concolorous with slits 
distinctly paler, convergent. Pupal horns long, shining black (ca. 0.17 mm). 

Cephalopharyngeal skeleton very like Pseudolimnophora nigripes. Length 4.30 mm. 
An.sp. 0.07 mm. Ceph.skel. (0.11; 0.10; 0.46) = 0.62 mm. AB = 0.016 (n = 2). 

Material studied. 2¢ with puparia, Fiji, Dobaileva R.A., 6.vi.66, cow dung, C.I.B. 
coll. (BMNH). 

Biology. Pont (1973b) records this having been reared from cow dung and horse 
and poultry manure, and adults having been taken at light. 

Distribution. Australasia-Pacific; Papua New Guinea and Northern Territory 
(Australia) to Lord Howe Island, Samoa and Tahiti. 
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Genus Limnophora Robineau-Desvoidy 
(figures 113 h, 120-121) 


Ova. Mydaea-type with the hatching pleats extending beyond pole to form smooth- 
edged respiratory horns. Length up to 3.0 mm. 

Larvae. Monomorphic obligative carnivores, typically with dense microsculpture and 
long processes on caudal segment; ventral abdominal welts often with paired false legs; 
2—3 prospiracular lobes. 

Cephalopharyngeal skeleton of very constant form but in Limnophora olympiae 
roof of oral cavity heavily sclerotised. Length up to 12 mm. 

Puparia. A wide range of forms from the typically heavily sculptured type with 
caudal processes to unspecialised, almost smooth forms. Length 4.3—7.2 mm. An.sp. 
0.04--0.10 mm. Ceph.skel. 0.62—1.06 mm. AB = 0.006—0.019. 

Biology. Many of the larvae are aquatic, inhabiting running water where the caudal 
processes assist in anchoring them to the dense mosses which they normally frequent. 
They prey mainly on oligochaetes and small insect larvae (e.g. Psychodids, Ceratopogo- 
nids etc.). Some exotic forms however breed in dung or decaying plant or animal 
matter (e.g. Limnophora quaterna), and this habit may also occur among holarctic 
species. 

Adults are morphologically adapted to a predatory mode of life but records of this 
habit are remarkably rare. Malloch found a Limnophora devouring a small midge and 
I have seen exuta on a number of occasions devouring small chironomids. In temperate 
regions the species are probably normally bivoltine or univoltine. 

Affinities. Hennig recognises the Limnophora group as a monophyletic sister group 
of the spined Spilogona but expresses great uncertainty about the classification of its 
members. He notes that whilst it is known from South America and Australia it is 
absent from New Zealand, a fact which suggests that the group evolved after the land- 
bridge between these islands and Australia disappeared in the late Cretaceous. It also 
suggests that the New Zealand Limnophorini are a very ancient group, and Hennig 
feels that they are the most primitive section of the tribe. 

The morphology of the immature stages of Xenomyia strongly suggests that it may 
also belong to the Limnophora group and for this reason I have tentatively included 
it here. Both the egg and the larval structure are very similar to species of Limmophora 
(esp. sg. Calliophrys). 

Distribution. Almost cosmopolitan but not in New Zealand. 


Limnophora elgonica Emden 
(figure 120 a—c) 


Puparium. Orange-red to dark-red, matt or nearly so distally, more shining 
proximally and dorsally, sometimes closely, very finely transverse striate or shagreened; 
segmental margins and lateral muscle scars marked by cuticular knots. Ventral 
abdominal welts with 3—6 rows of conspicuous large closely-ranked triangular, 
concolorous spicules, preceded and succeeded by 1—3 rows of much smaller ones 
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Figure 120. Limnophora elgonica: a, cephalopharyngeal skeleton from puparium; b, caudal 
segment of puparium (ventral view); c, anal spiracles of puparium; L. mesolissa: d, cephalopharyn- 
geal skeleton; e, detail of cuticular reticulation of puparium;f, posterior end of puparium (ventral 
view); g. anal spiracles of puparium; L. discreta: h, posterior end of larva (lateral view); i, same 
(ventral view); j. puparium (dorsal view). (Scales: a, b,e, £ 0.24 mm; c,d 0.12 mm; g 0.21 mm;h,i 
1.5 mm;j 1.0 mm) (h and i after Johannsen, 1935; j after Marchand, 1923, rest orig.). 
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in serrate rows. Thoracic segments and entire dorsal surface without visible spicules. 
Anal plate strongly transverse, preceded by strongly spiculate pre-anal welt and with a 
postanal papillus bearing 2—3 small spicules; 3—4 prospiracular lobes. Anal spiracles 
slightly protruding from the evenly rounded caudal segment which is not more 
strongly sculptured than preceding segments; anal spiracles separated by about width 
of one, black with slightly yellowish convergent slits. 

Cephalopharyngeal skeleton much less elongate than normal in Limnophora. Length 
5.15—5.94mm. An.sp. 0.10mm. Ceph.skel. (0.19; 0.12; 0.57) =0.88mm. AB= 
0.017—0.019 (n = 3). 

Material studied. 3 puparia, Limuru (Kenya), vii.37, bred from Wild Banana, 
V.G.L. van Sameren (BMNH). 

Biology. Unknown, but presumably breeds in fruits. 

Distribution. Afrotropical: Kenya. 


Limnophora quaterna (Loew) (notabilis Stein) 


Biology. Emden (1951) gives records of this breeding in cow dung and of adults 
being attracted to flowers and mammalian, including human, perspiration. This latter 
habit is not recorded in any other limnophorine. 

Distribution. Afrotropical-S. Palaearctic: South Africa to Canaries and Israel. 


Limnophora discreta Stein 
(figure 120 h—}) 


Larva. Johannsen (1935) figures the hind-end of the mature larva showing it to be 
of unspecialised form, lacking any caudal processes, the caudal segment being smoothly 
rounded distally except for the slight perispiracular concavity and the slightly 
protuberant anal spiracles. Ventral abdominal welts evenly spiculate, with about 2—3 
rows of small spicules. Anal plate very large, transverse, occupying full diameter of 
body in ventral view and strongly protuberant; with spiculate pre-anal welt and a row 
of spicules extending around lateral extremities and a similar group medially behind 
anal pore. Length 9.0 mm. See Marchand (1923) and Johannsen (1935). 

Puparium. Very similar in shape to L. mesolissa. Length 5.0—5.5 mm. 

Biology. Marchand found larvae on 31.x.18 on the shores of a pond in New 
Jersey (U.S.A.), and Johannsen records them breeding with Spilogona torreyae. 

Distribution. Nearctic: from New Mexico to Florida northwards to Rampart House 
(Yukon), Churchill (Manitoba) and southern Quebec. 


Limnophora pandellei Séguy (orbitalis of authors) 
(figure 113 h) 


Biology. Lyneborg (1965b) mentions one example reared from a puparium from 
Skaftafell (Iceland), viii.62, and a larva which I found in moss on a waterfall in the 
same locality on 13.viii.64, but which died before pupariation, may have belonged 
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to this species. The caudal segment lacked any processes, being smoothly rounded 
behind. The species is rather eurytopic, occurring in coastal areas as well as montane 
regions. 

Affinities. The Icelandic specimens are referred to a geographical race (lindrothi 
Ringdahl), the typical form not occurring there. 

Distribution, Palaearctic: Pyrenees to Central Asia northwards to Swedish Lapland 
and Iceland. Not known from British Isles. 


Limnophora olympiae Lyneborg 
(figure 121 a, b) 


Ovum. Entire chorion strongly reticulate, the meshes about 0.02 mm diameter; 
hatching pleats ending in leng spatulate processes which cross over each other at each 
pole as in some Lispe species, but with margins smooth (denticulate in Lispe). Anterior 
pole with short rounded flattened lobe. Shining whitish. Length 2.4 mm. 

Larva, Instar 3: very like riparia but with sclerotised patch along dorsal cephalic 
groove. Prothorax anteriorly with multiple rows of tiny serrations which encircle body 
and succeeding segments with similar though narrower complete spine band 
comprising 3—-6 such rows. Ventral abdominal welts with much larger, coarser, strongly 
curved spines and on each side of medioventral line a retractile false leg on each of 
segments 1-7. Caudal segment with spiracular processes and anal pair of false legs, 
which arise from location of extra-ana] papillae, rather shorter than in riparia; 3 
prospiracular lobes. Anal spiracular slits convergent. 

Cephalopharyngeal skeleton very like riparia but with conspicuous dorsal sclerite 
above mh, Length 10mm (Tate). An.sp. 0.05 mm. Ceph.skel. (0.16; 0.14; 0.63) = 
0.87 mm. 

Puparium. Very like riparia but with distinctly shorter caudal processes and more 
conspicuous frontal ‘knob’ formed by fusion of head, pro- and mesothorax. Sculpture 
as in riparia, the meshes having a diameter up to 0.1 mm. Length 5—6 mm (Tate gives 
8 mm). See also Tate (1939, 1960, as exsurda Pand.). AB = 0.008—0.010 (n = 3). 

Material studied. 1° with 3 puparia, Igls, Tirol (Austria), 14.ix.53, pupae in seepage 
on cement wall, 500 m, J.R. Vockeroth (CNC). 

Biology. Tate found larvae in moss and liverworts in cascading freshwater on rocks 
by the coast of County Cork (Irish Rep.), and later in the same district he discovered 
eggs and young larvae in algae in rock pools above high water mark. He found that 
larvae dissected from eggs already had fully-developed oral sclerites typical of the 
third instar and that they were carnivorous throughout life, preying upon other small 
larvae and oligochaetes. He was unable to ascertain the duration of the life cycle, but 
winter is spent in the larval stage in Britain where adults have been taken from May to 
August, strongly suggesting that the species is univoltine there. 

Affinities. The subject of much confusion, this species was formerly known as 
exsurda Pandellé or more recently as setinerva Schnabl & Dziedzicki. Lyneborg 
described British and Greek specimens as olympiae, showing that setinerva is actually 
a distinct species. 

Distribution. Europe: Greece to northern Scotland. 
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other occasions larvae of Bibio nigriventris Hal., Rhagio scolopacea (L.), Empis 
trigramma Mg., Beris morrisii Dale and vallata (Forster). On one occasion I swept an 
adult from Tussilago farfara in an area wholly devoid of Petasites, but otherwise 
zugmayeriae appears to be restricted to that plant, often occurring in great profusion 
where it grows in the Pennine valleys of northern England. Before pupariating the 
larvae hollow out smooth earthen cells, from about mid-March to mid-April, just after 
the flowering period of the plant, and the adults, in the lab, emerge about 3 weeks 
afterwards. In nature they occur in late May and June, then in August and September, 
suggesting that the species is bivoltine. It is likely that the larvae prey on small 
nematocerous larvae or upon nematodes, 

Affinities. Hennig and Zinoviev remark on the close affinity between members of 
the zugmayeriae and subventa group but both treat them as scparate groups. Zinoviev 
states that zugmayeriae is slightly unusual in several details and so he refers to the 
group as the Jatipalpis group. Pont (pers.comm.) found umbraticola (latipalpis Schnb.) 
and zugmayeriae together on Petasites hybridus at Admont (Austria). In Britain the 
former replaces the latter in southern and eastern parts of Lngland. 

Distribution. Europe: boreo-alpine species found in mountains of central Europe 
from Massif Central to Austria, then central Sweden to Tromsé (Norway) and Lapland; 
also in northern England and northwards to Perthshire (central Scotland). The very 
similar /atipalpis ranges from Oxford (England) to Japan. 


Phaonia (Rohrella) apicata Johannsen 
(figure 150 f—g) 


Puparium. Smooth, shining, deep yellow, translucent, with muscle scars distinct on 
segmental boundaries etc. where very fine close transverse striations occur laterally and 
ventrally, Ventral abdominal welts distinct, with 12—15 rather regular rows of tiny 
serrations; about 10 such rows on pre-anal welt. Anal plate distinct, strongly transverse 
(like subventa) and surrounding cuticle very finely striate; behind anal plate 4 cuticular 
knots arranged in a square. Anal spiracles minute, dusky yellow, separated by about 
the width of one, on dark brown aureoles; slits pale yellow, convergent. Length about 
5.4mm (estimated, from caps missing). An.sp. 0.05 mm. AB = 0.009 (” = 1). 

Material studied. 19 with puparium, Sturgeon Bay, Ontario (Canada), 1.vi.59, 
J.G. Chillcott (CNC). 

Affinities. According to Hennig’s (1963) key to Palaearctic Phaonia, apicata belongs 
in this species group. The ventral abdominal welts however are unusually finely 
spiculate and the anal spiracles are unusually small. 

Distribution. Nearctic: Georgia and lowa northwards to Ontario and Quebec. 


Phaonia (Rohrella) bysia (Walker) 
Larva. Instar 3: figured and described by Wallace (1971). Prothorax with complete 


spicule band and ventral abdominal welts 2—8 with 4—5 rows of strong recurved 
spicules; 3 prospiracular lobes. Anal spiracles with slits straight, convergent. 
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Cephalopharyngeal skeleton probably identical to rufiventris; no apparent 
differences according to Wallace’s figure. Length up to 8.2mm. An.sp. 0.12 mm. Ceph. 
skel. (0.19; 0.13; 0.71) = 0.98 mm. 

Puparium. Light-brownish with caudal segment corrugated behind and with dorsal 
groove (ie. median muscle scar). Anal plate about 2.5 times wider than long. Anal 
spiracles pale yellow. Length 5.5—6.0 mm. 

Biology. On 17 August 1969 Wallace found bysia larvae in a Hygrophorus con- 
taining large numbers of Fannia and mycetophilid larvae. They pupariated on 26--30 
August and the adults hatched indoors in 7—8 weeks. The smallest bysia larvae had 
fully developed mouthparts and anal spiracles, indicating they were already in the final 
instar. 

Affinities, Zinoviev (1981) suggests that this may belong to this group, and the 
larval morphology certainly supports his view. 

Distribution. Nearctic: Nova Scotia to Anchorage (Alaska). 


Subgroup 3: palpata group 


Phaonia (Rohrella) palpata (Stein) 
(figurel51 a—c) 


Puparium. Light orange-yellow, translucent and glossy. Ventral abdominal welts as 
in rufiventris, Caudal segment with close, irregular fold-like rugosities. Anal plate 
about 2.5 times wider than long (i.e. wider than gobertii but narrower than subventa). 
Anal spiracles moderately exerted, separated by about twice the width of one, the slits 
convergent. Pupal horns very short. See also Tate (1943). ' 

Cephalopharyngeal skeleton very like gobertii having narrower 0b on which there is 
a very small anteroventral tubercle; pyc slightly longer than pdce. Length 4.75 mm. 
An.sp. 0.10 mm. Ceph.skel. (0.19; 0.10; 0.65) = 0.92 mm. AB = 0.021] (n= 4). 

Material studied. 19 with puparium, Coombe Dingle, Avon, em. 26.iv.64, found in 
log, M.Ackland (MAGD); | puparium, Whalley, Lancashire, ex rotten wood, A. Brindle 
(McM); 1 puparium, Poulton, Cheshire, em. 9.v.53, ex rotten elm stump, C.N. Colyer 
(BMNH); 16 with puparium, Crookhill Park, South Yorkshire (England), coll. 14.ii.75 
as larva, pup. 19.ii, em. 16.iii, from moss growing on trunk of elder bush, P. Skidmore 
(MAGD). 

Biology. The only known larval biotope is rotten wood or wood mould in dead 
trees, having been recorded from Fagus (Stein, 1897), Salix (Tatc, 1943), Betula 
(Brindle, see above), Corylus and Quercus (Michelsen, 1977). The flies mainly frequent 
tree trunks or vegetation in wooded, hilly areas. In Britain, larvae overwinter, the first 
brood of adults appearing in May. A major population increase in August or early 
September may suggest a second brood of adults. 

Affinities. Hennig (1963) and Zinoviev (1981) acknowledge the very close affinity 
between this group and the previous one. It has not yet been positively recognised 
outside Eurasia. 
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Figure 151. Phaonia (Rohrella) palpata: a, cephalopharyngeal skeleton from puparium; b, anal 
plate, pre-anal welt and ventral abdominal welt 7 of puparium; c, perispiracular field of puparium, 
P. (R.) rufipalpis: d, cephalopharyngeal skeleton from puparium; e, anal nlate, pre-anal welt and 
ventral abdominal welt 7 of puparium; f, perispiracular field of puparium. (Scales: a, ¢, d, f 0.10 
mm; b, e 0.20 mm) (Orig.). 
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Distribution. Palaearctic: Portugal to Romania north to Tongue (northern 
Scotland), central Sweden and the Leningrad area (Soviet Union); doubtfully recorded 
from Taiwan. 


Subgroup 4: boleticola group 


Phaonia (Rohrella) rufipalpis (Macquart) 
(figure 151 d—f) 


Puparium. Coarsely transverse striate throughout, so entirely matt; light reddish, 
opaque. Ventral abdominal welts 2—8 densely rugose throughout, with very obscure 
spicules but with some large ones as in subventa. Anal plate broad, transverse; 3 
prospiracular lobes. Anal spiracular slits radiate. 

Cephalopharyngeal skeleton with strong dorsal expansion on 08 and a conspicuous 
anteroventral tooth. 

Length 6.6mm. An.sp. 0.07 mm. Ceph.skel. (0.14; 0.12; 0.67) = 0.92 mm. AB = 
0.011 (n = 1). 

Material studied. 12 with puparium, Reaschcath, Cheshire (England), 27.v.31, 
H.W. Miles (McM). 

Biology. Unknown, but Miles most likely found the puparium in humus. Gregor & 
Povolny (1961) record the species visiting faeces and carrion, and J have seen it at 
honeydew. 

Affinities. Zinoviev (1981) regards the boleticola group as most closely approaching 
the nymphaearum and angulicornis (= erinacea) groups. Interestingly, the only other 
Phaonia with radiate anal spiracular slits (apart from rufipalpis), is atriceps, which 
belongs in the nymphaearum group. According to Zinoviev the distributional ranges of 
the bioleticola and nymphaearum/angulicornis groups are almost complementary, but 
in England fusca, atriceps and rufipalpis may be found together in coastal fenny areas. 
P. boleticola, as the name suggests has been reared from fungi (i.e. Boletus luridus 
(Rondani, 1866)). 

Distribution. Palaearctic: Spain, through Corsica and Crete to Israel and 
Czechoslovakia, northwards to central Scotland, southern Sweden. A species of 
temperate broad-leaved woodlands not extending far into the northern coniferous 
zone. 


Subgroup 5: grandaeva group 


Phaonia {Rohrella) atrocyanea Ringdahl 
(figure 152 a—d) 


Puparium, Orange-yellow to orange-red, glossy translucent with distinct segmental 
boundaries marked by fine transverse folds and cuticular knots; pleural sclerites and 
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Figure 152. Phaonia (Rohrella) atrocyanea. a, cephalopharyngeal skeleton from puparium; b, 
detail of spiculation on ventral abdominal welt 7 of puparium; c, pre-anal welt and anal plate of 
puparium, d, perispiracular field of puparium; P. (R.) atrocitrea; e, detail of spiculation on ventral 
abdominal welt 7 of puparium; f, pre-anal welt and anal plate of puparium; g, detail of spicules on 
pre-anal welt; h, perispiracular field of puparium; i, anai spiracle of puparium. (Scales: a 0.12 mm; 
b, c,d, h 0.24 mm; e, f 0.22 mm; g 0.02 mm; i 0.07 mm) (Orig.). 
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lateral muscle scars conspicuous. Ventral abdominal welts 2—7 with about 12—15 rows 
of minute concolorous spicules arranged in serrate rows, the hindmost rows on each 
welt being smaller than preceding ones. Abdominal welt 1 with about 6 more obscure 
serrate rows, and pre-anal welt with about 8. Thoracic segments, and dorsal surfaces 
above lower corners of pleural sclerites, without spicules. Caudal segment with strong 
perispiracular folds. Anal plate slightly wider than long; 3 prospiracular lobes. Anal 
spiracles on prominent basal aureoles, separated by about the width of one of these; 
slits convergent. Pupal horns short and black. 

Cephalopharyngeal skeleton indistinguishable from members of subventa group. 
Length 6.90—8.48 mm. An.sp. 0.06--0.07 mm. Ceph.skel. (0.16; 0.12; 0.71) = 0.96 
mm. AB = 0.008—0.009 (n = 2). 

Material studied. 1d, 19 with puparia, Aklavik, N.W.T. (Canada), found 20.vi.56 
and emerged same day, R.E. Leech (CNC). 

Biology. Unknown but presumably humicolous and univoltine throughout range. In 
birch forests. 

Affinities. The larval morphology suggests a close affinity with the subventa group 
but these flies are probably more essentially humicolous, belonging to the forest edge 
or open alpine or arctic tundra. This species group, characterised by the unusually high 
hind-tibial calcar and including 5 described species according to Zinoviev, is the most 
boreal of all subgroups of Rohrella. P. atrocyanea is the only Rohrella with an Holarctic 
range. 

Distribution. Holarctic: Jamtland and Lapland (Sweden), and in North America 
from Naknek (Alaska) eastwards to Great Whale River (Quebec) and Goose Bay 
(Labrador) northwards to Aklavik (N.W.T.). 


Phaonia (Rohrella) atrocitrea Malloch 
(figure 152 c—i) 


Puparium. The single puparium studied lacked the thoracic cap. Deep-orange-red, 
translucent and glossy with strong dark transverse median ridges on most segments and 
coarse irregular folds on caudal segment. Ventral abdominal welts very broad, with 
numerous very conspicuous spicules in 12—15 rather irregular rows, of which the last 
and first 2—4 rows consist of smaller teeth, whilst the largest spicules are on the pre- 
anal welt. Anal plate about 1.5 times wider than long, coarsely rugose. Anal spiracles 
on blackish-red aureoles, separated by about 4 times the width of a spiracle, slits 
slightly convergent. Length about 7.15mm (estimated). An.sp. 0.07 mim. AB = ca. 
0.010 (v7 = 1). 

Material studied. 1° with puparium, Fort Chimo, Quebec (Canada), coll. 7.vii, em. 
9.vii.54, found under bark of Tamarack, J.F. McAlpine (CNC). 

Biology. Presumably similar to gobertii or lignicolous members of subventa group. 

Affinities. Zinoviev includes this in the grandaeva group, but in Hennig (1963) it 
would run down to gobertii or pura. The larval habits probably closely resemble these. 
In Kamchatka atrocitrea appears to be replaced by the very similar sibirica Pont. 

Distribution. Nearctic: Fort Chimo (Quebec) to Yukon and southern Alaska. 
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Subgroup 6: nymphaearum group 


Phaonia atriceps (Loew) 
(figure 153 a—f) 


Ovum. Chorionic reticulation visible at x 100; about 6 weak longitudinal ventral 
ridges. Length 1.5 mm. 26 ovarioles. 

Puparium. Shining reddish-testaceous with distinct longitudinal etching and trans- 
verse striations. Ventral abdominal welts 2—8 very distinct, with numerous very fine 
serrate rows; 3 prospiracular lobes. Anal spiracles minute, separated by more than 


twice width of one, slits radiate. Pupal horns short. 
E> 




















Figure 153. Phaonia (Dialyta) atriceps: a, cephalopharyngeal skeleton from puparium; b, puparium 
(dorsal view); c, detail of spiculation on ventral abdominal welt 4 of puparium; d, caudal segment 
of puparium (ventral view); e, same (posterior view); f, anal spiracle of puparium; P. (D.) halterata: 
g, ovum (lateral view). (Scales: a, c, f 0.10 mm; b, d 0.78 mm;e 0.39 mm; g 0.48 mm) (Orig.). 
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Cephalopharyngeal skeleton reminiscent of sg. Rohrella but hs with strong porrect 
dorsal tooth; ph very slender, pde and pve about 2.5 times as long as pc; pvc slightly 
longer than pdc. Length 5.0—6.0 mm. An.sp. 0.08—0.09 mm. Ceph:skel. (0.19; 0.15; 
0.65) = 0.95 mm. AB = 0.015—0.16 (n = 13). 

Material studied. 5 puparia with adults, Clevedon, Avon, iv.63, under outer sheaths 
of Typha latifolia, A.C. Pont (BMNH); 1 puparium, Sandall Beat Wood, near 
Doncaster, coll. 15.v.69; 1 puparium, Blaxton Common, v.66, under Typha sheaths; | 
puparium, Hatfield Lings, iv.74 under Typha sheaths; 1 puparium, Rushy Moor, 
Askern, south Yorkshire, v.82, in Typha stem; 1° with puparium and 2 larvae, 
Redesmere, Cheshire, coll. 19.iii.67, em. 9.iv, from 7Zypha sheaths, P. Skidmore; 1¢ 
with puparium, Hornsea Mere, Humberside (England), em. 13.v.79 from mass of 
frass of Nonagria dissoluta Tr. larva in stem of Phragmites, R. Hawley (MAGD). 

Biology. Kréber (1932) reported rearing this fly from stems of Typha latifolia and 
Pont (in Hennig, 1963) was able to confirm this as the normal larval habitat when he 
found larvae and puparia under the loose outer sheaths of this plant in a small reed 
swamp near Clevedon (England) on 3 April 1963, the adults emerging 24—29 April. 
Further intensive searching failed to provide further specimens although the fly 
abounds on the site in May and June (A.C. Pont, pers. comm.). My experience is 
similar as I have often collected larvae and puparia during late March and early April 
from Typha stems, and again in late July. The larvae occur with larvae of sciarids, 
Neoascia and Anthomyza under the sheaths and in the workings of Nonagria typhae 
Thun. and Notaris scirpi (Gyll.) on Typha, and in Phragmites australis and Glyceria 
aquatica which have been attacked by other phytophagous insects (i.e. Lipara lucens 
Mg., Nonagria dissoluta (Tr.) etc.). 

P. atriceps is bivoltine in northern England, adults occurring in May and June and 
again in August and early September, but their flight periods are very short and their 
numbers usually very large. A female collected near Doncaster in early September 
contained 26 nearly mature eggs. Judging from the very short flight period the female 
presumably has only one ovulation. 

Affinities. Ringdahl (1945) erected the genus Dialytina for this insect on account 
of its unusual appearance which in nature is rather reminiscent of a black Tachinid. 
Hennig (1963) included it in his angulicornis group but later, on the basis of the 
primitive type of ovipositor, he returned it, along with angulicornis and halterata, 
to its original genus Dialyta. Zinoviev in turn replaced it in Phaonia and | am following 
this course, although it may eventually prove desirable to separate it again. However, 
far more species need to be studied in their immature stages before the most 
appropriate course can be decided. Zinoviev and Hennig both recognised that the 
nymphaearum/angylicornis group possesses the largest number of plesiomorphic 
characters in the genus Phaonia, pointing to the antiquity of this group. In two 
respects the larval morphology may be relevant here: the anal spiracles of atriceps 
have the slits radiate, a very unusual feature in Rohrella but normal in Helina s.str.; 
also, the acute hypopharyngeal tooth is otherwise unknown in Phaonia but is 
apparently never absent in Helina s.str. On the other hand the oral sclerities appear 
more complex than is normal in Helina, resembling sg. Rohrella and Dichaetomyia. 
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In short, atriceps has structural similarities with Helina s.str., sg. Rohrella and 
Dichaetomyia, Zinoviev assigns separate status to the nymphaearum and angulicornis 
groups and suggests that they have close relatives in the Nearctic. Otherwise only 
known from the Palaearctic. 

Distribution. Europe; northern France eastwards to northern Italy and Czecho- 
slovakia northwards to northern England and southern Sweden. 


Phaonia halterata (Stein) 
(figure 153 g) 


Ovum. Superficially extremely similar to rufiventris. Entire outer surface very 
distinctly reticulate (much more so than in atriceps), even at x 60; inner surfaces 
similar. Length 1.9 mm. 16 ovarioles. 

Biology. Unknown but presumably associated with trees or woodland herbs, the 
adults often being abundant on low woodland plants from May to late August or 
September. 

Distribution. Palaearctic: southern France to Hungary and recorded from Japan, 
north to central Scotland, southern Sweden and southern Finland. It thus appears not 
to extend into the coniferous zone. 


Phaonia czernyi (Hennig) 


Biology. According to Hennig (1963) this has been reared from resinous exudations 
on fir trees, and two examples with a puparium, labelled ‘aus Myolepta’, a lignicolous 
Syrphid associated with rotten Populus and Ulmus, are in the Stuttgart Muscum. 

Affinities. Zinoviev states that the taxonomic position of this species is doubtful. 

Distribution. Europe: Upper Austria and Germany to Finland and Swedish 
Lapland. 


Group C. cincta group 


Phaonia cincta (Zetterstedt) 
(figure 154 a—e) 


Larva. Monomorphic obligative carnivore of unspecialised form. Ventral abdominal 
welts 2-8 well developed, with 3-6 rows of conspicuous large spicules bordered 
behind by 1—2 rows of much smaller, irregularly scattered ones; 2 prospiracular lobes. 
Anal spiracles distinctly exerted, separated by about the width of one, slits convergent. 

Cephalopharyngeal skeleton unmistakable by virtue of the remarkable boat-shaped 
pyc. Length up to 10 mm. 

Puparium. Pale-yellowish to light-red, translucent, uniformly very finely, often 
sparsely transverse-striate, giving slightly to strongly matt appearance. Ventral 
abdominal welts very like those of gobertii but spicules often dark-tipped. Caudal 
segment weakly to rather strongly rugose. Pre-anal welt with strong porrect spicules. 
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Figure 154. Phaonia cincta: a, cephalopharyngeal skeleton from puparium; b, puparium (dorsal 
view); c, detail of spiculation on ventral abdominal welt 4 of puparium; d, caudal segment of 
puparium (ventral view); e, perispiracular field of puparium; P. nepenthincola: f, mature larva 
(lateral view); g, posterior end of same (dorsal view); h, cephalopharyngeal skeleton of mature 
larva (apices of posterior pharyngeal cornua not shown}. (Scales: a, e 0.10 mm; b 1.50 mm;c 
0.20 mm; d 0.25 mm) (f—-h after de Meijere, 1920; rest orig.) 
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Anal plate about twice as wide as long. Anal spiracles rather larger than in gobertii 
and much more widely spaced (about 3 times the width of one), slits slightly to 
strongly convergent. See also Keilin (1917). Length 5.5—6.8mm. An.sp. 0.09 mm. 
Ceph.skel. (0.16; 0.12; 0.64) = 0.90 mm. AB = 0.013—0.016 (n = 10). 

Material studied. 1¢ with puparium, Dunham Park, Greater Manchester, coll. 14 iii, 
em. 11.iv.63, found as larva in sap run in Aesculus hippocastanum; 16 with 2 puparia, 
Chedworth Woods, Gloucestershire, coll. 30.vi, em.23.vii. 64, in sap run on same tree 
species; 1? with puparia, Grimsthorpe Park, Lincolnshire, 22. vi, em. vii.63, found in 
great numbers on sap runs on ancient Aesculus; 19 with puparium, Duncombe Park, 
North Yorkshire, coll. 26.vii, em. viii.65, found as larva in sap run on same tree 
species; | puparium Crookhill Park, South Yorkshire (England), coll. 25.vi, em. vii.74, 
found as larva in sap run on Ulmus procera, P. Skidmore (MAGD). 

Biology. P. cincta is only known to develop in sap runs of broad-leaved trees, 
especially Ulmus (Laboulbéne, 1873; Keilin. 1917; Michelsen, 1977) and Aesculus 
(Kirchberg, 1958), where their larvae prey upon those of lonchaeids, clusiids and 
Mycetobia pallipes Mg. (Anisopodidae). I have frequently found larvae of cincta in 
sap runs in U. procera and montana and A. hippocastanum with larvae and (or) adults 
of Mycetobia. Forcipomyia pulchrithorax Edw., Dasyhelea dufouri (Lab.), Sphegina 
clunipes (Fall.) rufiventris Phaonia and subventa, and the beetles Rhizophagus 
bipustulatus (F.), Quedius ventralis (Aragona) and various Epuraea species. Séguy 
(1923) records an Eristalis as a prey species of cincta larvae. 

Richards (1929) assumed this species was bivoltine in southern England since he 
found puparia in a rot hole in Betula at Iver, Buckinghamshire, on 26 June 1929 
(adults emerging 7-11 July), and recorded male adults on the same tree on 9 
and 14 June 1929. I have collected mature larvae in mid-March, late June and late 
July. The adults are very rarely seen, presumably having a very short flight period, 
although at least in England the larvae and puparia indicate that it is quite a common 
fly of old established parklands and woods. At normal summer temperatures in 
England the pupal stage lasts from 14-17 days, emergence apparently occurring in 
the morning and, although full body colour is attained in about 2 hours, the wing 
infuscations may not be apparent until 3 days later. 

Affinities. Traditionally regarded as a member of the godertii group and included 
there by Ringdahl, Hennig and Zinoviev, the true affinities of this species are not clear 
because of the unique form of the pharyngeal sclerite. In fact, Zinoviev, who includes 
cincta in his pratensis group with gobertii, considers that cincta (and also vivida and 
exoleta) occupies an isolated position in that species group. The larva of vivida remains 
unknown, but I do not believe that exoleta has close affinities with the pratensis/ 
gobertii group, as stated earlier. P. cincta may be an aberrant member of the group but 
I prefer to separate it into its own group. 

Distribution. Palaearctic: Pyrenees to northern England and southern Sweden 
eastwards through central and southern Europe to Asia Minor and Syria. 


Phaonia atkinsoni Emden 


Puparium. Apparently indistinguishable from cincta. Length 6.85 mm, An.sp. 0.10 
mm. Ceph.skel. (0.16; 0.12; 0.63) = 0.89 mm. AB = 0.014 (n = 1). 
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Material studied. 19 with puparium, Kovend, Chakata Div., Uttar Pradesh (India), 
8000 ft., coll. 1.v.29, O.W. Richards (BMNH). 

Biology. Unknown, but presumably as in cincta. 

Affinities. Extremely closely related to cincta and presumably replacing it in the 
Oriental Region. 

Distribution. Oriental: Burma and Uttar Pradesh (India). 


Group D. nepenthincola group 


Phaonia nepenthincola Stein 
(figure 154 f—h) 


Ovum. Entire chorion reticulate (very finely). Length 2.5 mm. 

Larva. Form unique; extremely long and slender with conspicuously constricted 
segmental divisions. Thoracic segments with the ventral, minute, setiform, vestigial 
legs noted in Graphomya, Phaonia exoleta etc. and pro- and mesothorax with com- 
plete anterior spine bands; metathorax without spicules dorsally and on abdominal 
segments spicules restricted to ventral welts, which on 2—8 consist of numerous rows 
of minute, uninterrupted serrations. Abdominal welt 1 with a remarkable, very long 
median ‘false leg’ upon which the serrate rows are arranged horizontally. Caudal 
segment elongate but abruptly truncate behind and with anterolateral conical process 
on each side which is probably the enlarged extra-anal papilla; 7-8 prospiracular lobes. 
Anal spiracles minute, very widely separated, with slits elongate ovate, convergent 
on median scar. 

Cephalopharyngeal skeleton (according to Meijere’s (1910) figures) .with mh 
symmetrical, ob rather stout, toothed apically, hs very similar to sg. Rohrella in 
being fairly deep with distinct dorsal tooth. Ph poorly figured but appearing to 
resemble exoleta in general outline. Length 20 mm, width 2 mm (other dimensions not 
stated), 

Puparium. Shining red-brown, strongly attenuate at both ends. Ventral abdominal 
welts invisible. Anal spiracles minute, widely separated, tuberculiform. 

Biology. Described in outline by Meijere (1910), this breeds in the ‘pitchers’ of 
Nepenthes, where the larvae prey on the numerous other fly larvae breeding there. 
The eggs are laid on the rim of the ‘pitcher’ and the mature larvae pupariate there. 

Affinities. Zinoviev (1981) suggests that this may belong with simulans in his group 
16, very close to the valida group. The larval morphology is quite obviously adaptive 
but is totally unlike any other described muscid; it could be expected that an aquatic 
environment might lead to a larval form like Phaonia exoleta or some of the 
Coenosiinae, rather than to the present one. Unfortunately Meijere’s figures are 
inadequate in essential details of the cephalopharyngeal skeleton for firm conclusions 
to be drawn regarding the affinities of this fly and I prefer to regard it as representing 
an isolated major group within Phaonia. According to Pont (pers. comm.) glauca 
Malloch and sumatrana Malloch are very close to nepenthincola Stein. 

Distribution. Oriental: Java. 
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Group E. Subgenus Phaonia s str. 
(figures 155-160) 


Larva. Ventral abdominal welts with rows of very small spicules; 3—8 prospiracular 
lobes. Anal spiracles with slits convergent to radiate, very rarely subparallel and 
diagonally directed towards inferior scar (jaroschewskii subgroup). 

Cephalopharyngeal skeleton with rather simplified aco and hs usually very elongate 
and shallow, with at most a very weak dorsal tooth; ph usually much deeper than in 
Rohrella. Length up to 20 mm. 

Puparium. Generally of undistinguished form but in jaroschewskii subgroup pupal 
horns very long and thick. Anal plate at most as wide as long. Length 5.4—9.0 mm. An. 
sp. 0.05—0.10 mm. Ceph.skel. 0.72—1.40 mm. AB = 0.007—0.014. 

Biology. Larvae mainly humicolous or muscicolous monomorphic carnivores (some 
perhaps dimorphic). The high boreal and montane species are univoltine throughout 
their range. Adults of angelicae and serva subgroups are specialised floricoles with 
probosces and upper mouth edges adapted for probing tubular flowers, but other 
species are probably short-lived and some perhaps do not feed in adult state. Dung and 
carrion seldom attract members of this subgenus. 

Affinities. This group appears to be monophyletic in the general form of the 
cephalopharyngeal skeleton, which differs from the Rohrella-type in a similar way to 
that in which sg. Quadrularia differs from Helina s.str. 

Ten of Zinoviev’s species groups (1981) belong in the subgenus Phaonia as here 
understood, as does the mainly Neotropical genus Bigotomyia. The following sub- 
groups are here recognised: 

Subgroup |: valida gp. (= Phaonia s.str.) (= Hennig gp. 4, 5, in part) (= Zinoviev 

gp. 14) 

Subgroup 2: angelicae gp. (= Hennig gp. 15) (= Zinoviev gp. 21) 

Subgroup 3: serva gp. (= Hennig gp. 14) (= Zinoviev gp. 20) 

Subgroup 4: jaroschewskii gp. (= Hennig gp. 13) (= Zinoviev gp. 17) 

Subgroup 5: villana gp. (= Hennig gp. 3, 5, in part) (= Zinoviev gp. 13) 

Subgroup 6: Bigotomyia gp. Hennig (1965) suggests that Bigotomyia Malloch is very 
closely related to his errans gp. (i.e. valida gp. above). 

Subgroup 7: falleni gp. (= Hennig gp. 18) (Zinoviev gp. 19) 

According to Zinoviev, nepenthincola belongs in his simulans group, but in this 
work nepenthincola is assigned to a separate division of Phaonia s.1. Nothing is known 
of the biology of Zinoviev’s other groups which probably belong in Phaonia s.str., 
i.e. magnicornis gp. (Zinoviev gp. 12), chalcica gp. (Zinoviev gp. 15) and acerba gp. 
(Zinoviev gp. 18). P. chalcica is very close to the valida group and acerba to the 
jaroschewskii group. Subgroups 1, 2, 3 and 6 above have ovipositors of the errans type 
(Zinoviev), magnicornis and subgroups 4, 5 and 7 have the angulicornis type. 

Although his arrangement of species groups was rather different from the one 
adopted here, Zinoviev recognised that the species included here under Phaonia s.str. 
(i.e. his species groups 12—21 inclusive) are more closely related to each other than to 
members of his groups 1—11, most of which are here placed in the subgenus Rohrella. 
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Zinoviev did not of course base his conclusions on larval but on adult characters, and 
consequently it is interesting to find supportive evidence in larval and adult stages for 
a major division of this large genus into 2 main groups (sg. Rohrella and Phaonia s.str.) 

Distribution. Mainly Holarctic, also in Neotropical and Oriental Regions, but not 
yet positively recognised elsewhere. 


Subgroup 1: valida group 


(Phaonia Robineau-Desvoidy s.str.) 
(figures. 155—156) 


Puparia. 3—4 prospiracular lobes. Anal spiracles with slits strongly convergent, 
often slightly aberrant in that median one is almost parallel to upper (see valida). 

Cephalopharyngeal skeleton with ph often more elongate than normal in this 
subgenus. Length 6—9 mm. An.sp. 0.05—0.10 mm. Ceph.skel. 0.77—1.40 mm. AB = 
0.009—0.012. 

Biology. Woodland humicoles which have been recorded as casual parasites of other 
insects (see errans and tuguriorum). 

Affinities. Phaonia s.str., as here understood, appears to be a monophyletic unit, 
though on larval morphology alone it merges with the other subgroups dealt with here. 
The adult proboscis in valida is broad and fleshy and, although members of this 
group visit flowers, it is not a characteristic habit of the group. 

I follow Zinoviev in including Hennig’s group 10 (perdita group), and it is likely 
that some species of Bigotomyia belong here. 

Distribution. Holarctic, but not extending beyond tree limit. Probably represented 
in Neotropical, Afrotropical and Oriental Regions. 


Phaonia (s.str.) valida (Harris) (viarum Robineau-Desvoidy) 
(figure 155) 


Larva. The Phaonia larva figured by Brauns (1950) could only be valida, judging 
from the size and characteristic mouthparts. Length up to 20 mm (a = 4). 

Puparium, Dark reddish, more matt than angelicae or tuguriorum but with similar 
microsculpture. Ventral abdominal welts obscure, but with about 10 very irregular 
rows of minute spicules. Pleura! sclerites and anal plate not defined. Anal region 
without papillae and caudal segment without cuticular folds but perispiracular region 
sunk, so anal spiracles only visible in posterior view; 3 prospiracular lobes. Anal 
spiracles minute, separated by more than width of one (measured across basal 
aureoles), slits slightly aberrant, with median and upper subparallel to each other, 
strongly convergent with lower. Length 9 mm. An.sp. 0.08 mm. Ceph.skel. (0.27; 0.21; 
1.00) = 1.40 mm. AB = 0.009 (# = 1). 

Material studied. 1? with puparium, Richmond, North Yorkshire, em. 15.iv.56, 
found under moss on rocks, B.R. Laurence; | mature larva, Denaby Ings, iii.72, in 
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Figure 155. Phaonia (s.str.) valida: a, cephalopharyngeal skeleton from puparium; b posterior end 
of mature larva; c, puparium (dorsal view) (showing cuticular sculpture only partially); d, detail of 
spiculation on ventral abdominal welt 4 of puparium;e, same, at higher magnification; f, caudal 
segment of puparium (lateral view); g, perispiracular field of puparium;h, anal spiracle of puparium. 
(Scales: a 0.12 mm; b,c, f 1.40 mm;d, g 0.20 mm; e 0.10 mm;h 0.08 mm) (Orig.). 
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mole hill; 3 mature larvae, Shirley Pool, near Doncaster, South Yorkshire (England), 
iv.75, in mole hill, P. Skidmore (MAGD). 

Biology. Larvae overwinter in Britain, pupariation occurring in spring. In northern 
England probably univoltine, with adults flying from mid-July to early October, but 
occasional reports in late May and early June probably imply a partial second brood 
in warmer summers. In southern England and southwards through Europe probably 
normally bivoltine. Séguy (1923) gives June to September. 

Although Séguy records larvae from rotten Aesculus hippocastanum, the usual 
breeding site is in woodland soil or under thick moss cushions. 

A strongly sylvicolous fly usually seen on sunlit tree trunks. Recorded predators 
include the sphecid wasp Metacrabro  quadricinctus (F.) and the asilid 
Asilus crabroniformis L. (Hobby, 1931). Cuny (1978) records adults on fallen pears 
and on Heracleum flowers. 

Affinities. The type-species of Phaonia, this is closely related to other members 
of the subgroup and especially to mediterranea Hennig which partly or entirely 
replaces valida in S.W. Europe and the Mediterranean Subregion. 

Distribution. Palaearctic: southern limits unknown owing to confusion with 
mediterranea, but ranging north to central Scotland, central Sweden, southern Finland 
and eastwards to Uzbekistan. Not recorded from the Taiga zone. 


Phaonia (s.str.) errans (Meigen) 
(figure 156 a—e) 


Puparium, Orange-red to dark reddish, matt. ‘Thoracic segments with complete 
spicular bands but abdominal segments with spiculate areas restricted to the ventral 
welts which are rather conspicuous and comprise about 10 rows of evenly: spaced 
minute teeth (more distinct than in valida); 4 prospiracular lobes. Anal spiracles shiny 
black, separated by about width of an aureole, slits distinct, strongly bowed to almost 
straight, arranged as in valida. 

Cephalopharyngeal skeleton very like valida but with pyc and pdc of aig length or 
nearly so. Length 8.12 mm. An.sp. 0.10 mm. Ceph.skel. (0.18; 0.15; 0.73) = 1.00 mm. 
AB = 0.12 (n = 2). 

Material studied. 1° with puparium, Kent (England), P. Chandler (MAGD); 19 
(var. luteva) with puparium, Kananaskis, Alberta (Canada), 1.vi.68, H.J. Teskey 
(CNC). 

Biology. In Britain larvae overwinter, pupariate in spring and give rise to first brood 
of adults in May. There is at least one subsequent emergence of adults, as I have 
found teneral adults in Kent in late September, and the species also appears to be 
bivoltine in northern England, with peak populations of adults in May and June and 
August and September. Séguy (1923) gives March to September for France, whilst 
in Iceland there is only one emergence, in July and August (Nielsen et al., 1954). 

Liebermann (1925) saw adults ovipositing in dung and compost. whilst humus soil 
and decaying vegetation are given as larval habitats by Cameron (1917). Chandler’s 
specimen (see above) was from humus soil in a Kent wood (pers. comm.). Fahringer 
(1941) records this fly emerging from dead larvae of Lymantria monacha (L.). 
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Figure 156. Phaonia (s.str.) errans: a, cephalopharyngeal skeleton trom puparium, b, puparium 
(ventral view) {thoracic caps missing); c, detail of spiculation on ventral abdominal welt 4 of 
puparium as indicated; d, caudal segment of puparium (lateral view); e. perispiracular field of 
puparium; P. (s.str.) tuguriorum: f, cephalopharyngeal skeleton from puparium; g, puparium 
(dorsal view); h, caudal segment of puparium (lateral view); i, perispiracular field of puparium; 
j, anal spiracle of puparium. (Scales: a, c, e, f, §0.10mm; b, d 1.20mm; g 1.50mm, j 0.50mm) 
(Orig.). 
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Adults frequent sunlit tree trunks or foliage, honeydew (Tiensuu, 1936) and 
occasionally visit dung of humans and cattle, a habit which perhaps led to Lieber- 
mann’s record of errans ovipositing in dung. 

The most widespread species of this subgroup, errans ranges to the northern edges 
of the birch forest zones but not, apparently onto the open tundra. Likewise in 
mountainous areas it ascends to the tree limit but not beyond. 

Distribution. Holarctic: northern Italy to Iceland eastwards through Lapland and 
Asia to Kamchatka and into North America where its recorded northern limit extends 
from 63.5°N at Windy (Alaska) to 53°N at Goose Bay (Labrador). 


Phaonia (s.str.) tuguriorum (Scopoli) (signata (Meigen)) 
(figure 156 f—}) 


Ovum. Typical Phaonia-type. About 30 ovarioles. 

Puparium. Reddish-brown, opaque, with very fine dense transverse microsculpture 
and conspicuous cuticular knots on segmental boundaries and muscle scars (including 
the three longitudinal lines on the dorsal surface of caudal segment). Ventral 
abdominal welts with about 6 rows of very minute, obscure spicules. Caudal segment 
rounded behind (as in evrans); 3 prospiracular lobes. Anal spiracles smaller and more 
remote than in errans but slits similarly arranged. 

Cephalopharyngeal skeleton with ph much shorter and deeper than in errans or 
valida, more resembling members of the fuscata group. Length 6 mm. An.sp. 0.05 mm. 
Ceph. skel. (0.14; 0.12; 0.56) = 0.77 mm. AB = 0.008 (n = 1). 

Material studied. 1d with puparium, River Keir, Carnforth, Cumbria (England), 
coll. iv, em. 18.v.65, from sandy pasture soil about Trifolium repens roots, P. 
Skidmore (MAGD). 

Biology. The only Phaonia known to hibernate in the adult stage, this also over- 
winters in the larval and puparial stages. Adults have occurred not infrequently in mid- 
winter and I have collected females in late September in northern England with 
ovaries completely undeveloped. Séguy (1923) records adults throughout the year in 
France. There appear to be two main emergences of adults annually in Britain but the 
situation is confused by the presumed progeny of overwintered adults. 

Cameron (1917) records this fly developing in humus soil and decaying vegetation 
and the puparium described above was found in a pasture at the roots of Trifolium 
repens. Giglio-Tos in Keilin (1917) recorded the larva as an accidental parasite of 
Carabus italicus Dejean but the record is queried by Hennig (1963). 

My experience of this fly suggests that whilst it often abounds in wooded areas it 
is the least sylvicolous of the three Phaonia s.str. species discussed here, for I have 
often encountered great populations of adults on hedges in areas devoid of true wood- 
land; it appears indeed to be essentially a pasture insect. Nevertheless the adults share 
with errans the predilection for sun-drenched foliage and tree trunks and similarly visit 
honeydew and faeces (Gregor & Povolny, 1961). 

Pugh (1952) records attempted copulation between tuguriorum and subventa in 
nature, but these flies are only distantly related and hybridization is improbable. 
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Affinities. The larval morphology appears to combine features of the valida and 
villana subgroups, whilst the adult more closely resembles the former. Its closest 
relatives are scutellata Zett., which ranges from southern England (Assis Fonseca, 
1968) and southern Sweden to Greece, and canariensis Villeneuve which replaces 
tuguriorum in the Canary Islands. Apparently tuguriorum belongs to the broad- 
leaved forest zone and is not recorded from the Taiga. 

Distribution. Europe: Corsica to Clare Island (Irish Rep.) and Rhum (west Scot- 
land), southern Sweden and the Aland Islands, eastwards to Uzbekistan. 


Subgroup 2: angelicae group 


Phaonia (s.str.) angelicae (Scopoli) (basalis (Zetterstedt)) 
(figure 157 a—f) 


Ovum. Typical Phaonia-type; chorion externally appearing matt at x 100, without 
visible reticulation. Inner surface appearing smooth and highly polished. Length 1.9 
mm, About 45 ovarioles (Lobanov, 1977a). 

Puparium, General shape somewhat like Polietes hirticrura but cuticle very thick 
and opaque, dark reddish and dulled by very dense transverse microstriations, crossed 
by longitudinal etching. Ventral abdominal welts 2—8 with very sparse spicules (at 
x 100). Caudal segment with very coarse, irregular, blackish perispiracular folds. Anal 
plate minute, restricted to margins of anal pore, without discernible papillae; 4 prospi- 
racular lobes. Anal spiracles minute, separated by twice width of one, slits subradiate 
on the large conspicuous median scar. Pupal horns about as long as diameter of anal 
spiracle. 

Cephalopharyngeal skeleton very similar to errans. Length 7.5 mm. Ansp. 0.05 mm. 
Ceph.skel. (0.19; 0.13; 0.71) = 1.00 mm. AB = 0.007 (x = 1). 

Material studied. 1° with puparium, Ernocroft Wood, Derbyshire (England), coll. 
19.iv.64, found as larva under the moss Mnium on woodland floor, P. Skidmore 
(MAGD). 

Biology. In Britain winter is spent in the larval stage, pupariation occurring in the 
spring. The larva mentioned above, after hollowing out a cell amongst the moss 
rhizoids, pupariated on April 2 and the fly emerged indoors on April 9. Very close to 
where I found the angelicae larva, I collected a Helina pubiseta larva and a puparium 
of Pegomyia seitenstettensis Strobl. A puparium agreeing exactly with angelicae was 
later found with Helina evecta puparia on the woodland floor at Brock Vale during the 
same month, but this failed to emerge. 

In northern England angelicae adults occur from early June to early October, but 
I have taken gravid females only in late August. There appear to be no noticeable 
fluctuations in adult populations during the summer months so it is possible that there 
is only one generation annually as Cuny (1978) states is the case in Switzerland. In 
France, Séguy (1923) records April to October and it seems certain there must be 
more than one brood there. 
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Figure 157. Phaonia (s.str.) engelicae: a, cephalopharyngeal skeleton from puparium; b, puparium 
(dorsal view); c, anal spiracles of puparium; d, mouthparts of adult; e, ovariole; f, ovum (lateral 
view); P. (s.str.) serve; g, puparium (lateral view); h, caudal segment of puparium (posterior view); 
i, anal spiracles of puparium. (Scales: a, i 0.10 mm; b 1.00 mm;c 0.05 mm;d 0.75 mm;e, f 0.50 
mm;g,h 0.78 mm) (Orig.). 
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P. angelicae is a typical anthophile, its proboscis being well adapted to probing 
tubular corollae, and it is seen far more frequently on flowers than on any other 
medium, although it is strongly attracted to honeydew on foliage. I have often seen 
adults imbibing this on leaves of Quercus, Alnus glutinosa and Acer, whilst Tiensuu 
(1936) found it feeding on leaves of Salix phylicifolia infested with colonies of 
Chaitophorus vitellinae Schrank. Parmenter (1949) records adults on various flowers. 

Affinities. The members of this subgroup breed primarily in humus or amongst 
moss, and most occur only in montane or high-boreal areas, near or beyond the tree 
limit. The adults are active pollinators with the proboscis and upper mouth-edge 
strongly produced as in some Thricops and Drymeia species. When dissected the gut 
is invariably found to be full of pollen. As in the azeliines just mentioned speciation 
may have been associated with the colder phases of the Pleistocene as populations 
became isolated by extensions of the ice caps. 

It is in this subgroup that the largest number of Phaonia with a Holarctic distri- 
bution is found, and several species occur in colder areas than any other members of 
the genus. With the exception of angelicae, which is probably the commonest member 
of the subgroup found below the tree line, all these flies are of the characteristic 
blackish colour associated with insects of cold climates. 

Distribution. Palaearctic: Spanish Pyrenees (Pont, 1971b) and Corsica northwards 
to Outer Hebrides (Scotland) and Swedish Lapland to Japan. In central Europe mainly 
montane, but further north increasingly lowland, being replaced in colder regions by 
one or more of its black congeners. 


Phaonia (s.str.) incana (Wiedemann) 


Ovum. About 60 ovarioles. 

Biology. The unusually large number of ovarioles with their 3 constrictions implies 
a remarkably high fecundity for a Phaonia species. Larvae overwinter in Britain, 
Cameron (1917) having reared the species from humus soil. Probably univoltine 
throughout its range, as in northern England males predominate from mid-May to 
early July, females outnumbering them thereafter until late September. As in the 
previous species I have only found gravid females in late August. Walsh’s (1964) records 
of captures near Scarborough (England) on carrion in winter are certainly erroneous, 
this species, like angelicae being essentially an anthophile whose gut is invariably found 
to be full of pollen. It also occurs at honeydew, like angelicae. 

Distribution. Palaearctic: southern France to Faeroe Islands, northernmost 
Scandinavia and the Kola peninsula through Tibet and Yakutia to the Kuril Islands. 


Phaonia (s.str.) consobrina (Zetterstedt) 


Ovum, About 30 ovarioles. 

Biology. This montane species is certainly univoltine throughout its range. In 
Britain adults occur only from mid-May to late June, usually around the tree line in 
mountainous areas, where they often abound on flowers of Sorbus aucuparia, frequently 
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in company with iacana. Thalenhorst (in Hennig, 1963) found a puparium in leaf litter 
but the species probably belongs to the humus fauna. 

Distribution. Holarctic: boreo-alpine species found in the Alps, Harz, Carpathians, 
the main mountain groups of Britain, and from southern Sweden to the North Cape 
and the Kola peninsula across the northern Soviet Union, through Kamchatka and the 
Bering Islands into North America, where its northern recorded limits extend through 
Aklavik, 70°N (N.W.T.), Fort Churchill (Manitoba) and Fort Chimo (northern 
Labrador). Also recorded from 66°56'N in west Greenland. 


Phaonia (s.str.) subfuscinervis (Zetterstedt) 


Biology. Zetterstedt (1838) reared this species from a puparium found under the 
loose bark of a conifer but since it occurs in areas devoid of woodland it is probably 
a humicole primarily. 

Owing to much confusion between this species and consobrina an assessment of 
their ecological requirements is not possible. This fly however can presumably tolerate 
colder, drier conditions than consobrina, for whilst that species in Britain occurs in 
most of the mountain groups including those of the west with their extreme oceanic 
climate, subfuscinervis is only known here from the Cairngorms region, the home of 
most glacial relict insects in the British Isles. This tolerance of a colder, and perhaps 
also drier, climate is reflected in its more restricted Holarctic distribution. 

Distribution, Holarctic: eastern Grampians (Scotland), and Scandinavia from 
central Sweden and Finnish Lapland to the North Cape. Also in eastern and western 
Greenland, ranging to 74°75'N in latter area. 


Subgroup 3: serva group 


Phaonia (s.str.) serva (Meigen) 
(figure 157 g—i) 


Ovum, About 52 ovarioles. 

Puparium. Dark red, subopaque, slightly shining and finely rugose with distinct, 
very irregular cuticular etching appearing, especially laterally, as very fine wavy lines. 
Surface entirely rather weakly transverse striate but with distinct cuticular knots along 
segmental boundaries and the lateral muscle attachments. Ventral abdominal welts 
with 8—15 transverse rows of very fine spicules appearing merely as lines of rather 
even rugosities (similar in size to those elsewhere on cuticle, but more angular), 
running along the folds but not extending onto dorsal surfaces. Anal plate obscure but 
anal pore distinct, black and shining. Caudal segment much more coarsely sculptured 
than preceding segments with strong raised folds forming perispiracular rim. Anal 
spiracles moderately large, separated by twice width of one with slightly curved slits 
convergent on the median scar. Length 7.8 mm. An.sp. 0.10 mm (Ceph.skel.absent). 
AB = 0.013 (n = 1). 
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Material studied. 1° with puparium, Park Res., Quebec (Canada), 21 .vi.36, Gobeil 
(CNC). 

Biology. This fly has been reared from dead larvae of Lymantria monacha (L.) 
(Fahringer, 1941) and from beneath the bark of poplars (Michelsen, 1977). Specimens 
recorded as bred from Populus by Britten (Skidmore, 1963) belonged to gobertii. Since 
the fly often abounds in open situations the larvae are presumably primarily humi- 
colous. Like angelicae, adults of serva are typical anthophiles, having a similarly 
specialised. proboscis, and when dissected adults are found to be gorged with poulen. 
The anthophilous habit was studied by Gruhl (1961) but the species has also been 
noted very rarely visiting carrion (Gregor & Povolny, 1961). 

Apparently univoltine in northern England, where adults appear in late May and 
oviposit in June; by mid-July the flight period has ended until the following spring. 

Affinities. This species group is very closely related to the angelicae group, having 
very similar adult habits and showing a very similar distribution range. 

Distribution. Holarctic: central Spain to northern Scotland and Lapland through 
Smolensk (Soviet Union) and Romania to Kamchatka and into North America where 
the recorded northern limit runs through Salmita Mine, c. 64°N (N.W.T.). In more 
extreme climates it is replaced by other closely related species. 


Subgroup 4: jaroschewskii group 


Phaonia (s.str.) jaroschewskii (Schnabl) (crinipes Ringdah!) 
(Figure 158 a—d) 


Puparium. With exoleta the most distinctive of all Old world Phaonia puparia that 
I have seen. The most outstanding features are the extraordinarily long and thick 
pupal horns and the very minute, remote anal spiracles. Clear orange, integument 
dulled by fine, dense transverse striations; cuticular knots on caudal dorsal muscle 
scars, and along intersegmental boundaries very conspicuous. Ventral abdominal 
welts with obscure spiculation but that on segment 7 with 8 rows of fine, widely 
spaced spicules. Anal plate inconspicuous except in immediate area of anal pore; 3 
prospiracular lobes. Anal spiracles minute and exceptionally remote, slits slightly 
convergent but more vertically directed than normal with inferior scar (approaching 
the sarcophagid orientation). 

Cephalopharyngeal skeleton very like villana but 0b not abruptly bent downwards 
basally and da less produced. Ph with pdc and pve slightly truncate and conspicuously 
marmorate apically. Length 5.8 mm. An.sp. 0.05 mm. Ceph.skel. (0.11; 0.09; 0.54) = 
0.72 mm. AB = 0.009 (m = 1). 

Material studied. 16 with puparium, Skipwith Common, Humberside (England), 
coll. 18.v, em. 20.v.65, from wet Sphagnum, C. Johnson (MAGD). 

Biology, Believed to be associated with peat bogs. Adults in Britain only taken in 
early July. 

Affinities. A remarkable species differing from others in the Old World in the 
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Figure 158. Phaonia (s.str.) jaroschewskit: a, cephalopharyngeal skeleton from puparium; b, pupar- 
ium (dorsal view); c, detail of spiculation on ventral abdominal welt 2 of puparium; d, anal 
spiracles of puparium; P. (s. str.) deleta: e, cephalopharyngeal skeleton from puparium; f, puparium 
in ventral (left) and dorsal view (right); g, caudal segment of puparium (posterior view); h, detail 
of cuticular sculpture of puparium; i, anal spiracle of puparium. (Scales: a, d, e 0.10mm; b 1.00 
mm;c 0.20 mm;f,g 0.61 mm;h 0.24 mm;i 0.50 mm) (Orig.). 
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unusual anal spiracles and the remarkably long pupal horns. According to Hennig 
(1963) and Zinoviev (1981) the only close relative is siebecki Schnabl, but Zinoviev 
notes that the ovipositor, like members of the villana group, is of the angulicornis 
type. The puparium of the following species is very similar but it is not known 
whether it too would belong in the jaroschewskii subgroup on the basis of adult 
characters. 

Distribution. Europe: extremely local peat bog species known from Flintshire 
(Wales), Yorkshire and Hampshire (England) (Assis Fonseca, 1968), Genthin (German 
Democratic Republic), Latvia, southern Sweden, north to Angermanland, southern 
Finland and the Leningrad district (Soviet Union). 


Phaonia (s.str.) deleta (Stein) 
(figure 158 e—i) 


Puparium, Reddish, rather matt due to close finely rugose sculpture and transverse 
ridges; opaque, broadly rounded at both ends, broadest behind middle. Intersegmental 
boundaries marked with distinct cuticular knots and a similar row along hind-margins 
of ventral abdominal welts. Welts with very small concolorous spicules arranged in 
unusual manner; 4 (—?5) prospiracular lobes. Perispiracular field with very con- 
spicuous region of perispiracular folds. Anal spiracles minute, separated by about 12 
times the width of one, slits yellow on black ground, parallel and directed towards 
inferior scar. Pupal horns very long and thick, as in jaroschewskii. Length 8.48 mm. 
An.sp. 0.05 mm. Ceph.skel. (0.13; 0.10; 0.52) = 0.72 mm. AB = 0.006 (n = 1). 

Material studied. 1¢ with puparium, Black Lake, Lanark Co.,.Ontario (Canada), 
5.v.73, H.J. Teskey (CNC). 

Affinities. The puparium is extremely similar to jaroschewskii in almost all respects 
and the two species are presumably very closely related. 

Distribution. Nearctic: Texas to Pennsylvania northwards to Quebec and N.W.T. 


Subgroup 5: villana group 


Phaonia (s.str.) villana Robineau-Desvoidy (mystica of authors) 
(figure. 159 a—d) 


Puparium, Pale orange with fine integument as in jaroschewskii, similarly dulled by 
fine transverse cuticular striations and with well-marked intersegmental cuticular 
knots. Ventral abdominal welts 2—8 clearly spiculate at x 50, middle segments having 
up to 15 rows of very minute spicules (up to 0.01 mm long), with a few larger ones 
interspersed, separated by about their own width, whilst medially, behind the last 
rows of very small ones, are 1—2 rows of even move minute ones. Pre-anal welt with 
about 10 rows. Anal plate restricted to vicinity of anal pore, about as wide as long; 
3—4 prospiracular lobes. Anal spiracles minute, separated by nearly twice the width of 
one, slits subradiate on submedian scar. Pupal horns minute. 
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Figure 159, Phaonia (s.str.) villana: a, cephalopharyngeal skeleton from puparium; b, pupatium 
(dorsal view); c, detail of spiculation on ventral abdominal welt 2 of puparium (MVL = medio- 
ventral longitudinal line) (inset shows spicules in indicated location at higher magnification); d, 
anal spiracles of puparium; P. (s.str.) mystica: e, cephalopharyngeal skeleton from puparium; f, 
anal plate and pre-anal welt of puparium; g, anal spiracles of puparium. (Scales: a,c, d, e, g 0.10 
mm; b, 1.50 mm; f 0.24 mm) (Orig.). 
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Cephalopharyngeal skeleton very like jaroschewskii and tuguriorum; ob bent down- 
wards towards base. Length 5.4—6.6 mm. An.sp. 0.06—0.09 mm. Cephskel. (0.11; 
0.11;0.54) = 0.75 mm. AB = 0.011—0.014 ( = 10). 

Material studied. 2¢ 1° with 5 puparia, Richmond, North Yorkshire, em.26.iv. 
and 7.v.56, from moss on rocks by River Swale, B.R. Laurence; 1d with puparium, 
Lathkill Dale, Derbyshire (England), coll. 13.iv.64, em. v, from moss at roots of fallen 
beech; 1 puparium, no locality; 3 puparia, Taynish, Argyll (Scotland), 28.viii.75, 
found empty under moss on stone wall, P. Skidmore (MAGD). 

Biology. This species breeds in dense cushions of moss on soil, rocks or tree trunks 
in woods on calcareous or basic igneous rocks (e.g. Dolerite). In Britain larvae or 
puparia overwinter and adults occur in late May and early June, then late August 
and early September, implying bivoltinism. The flies appear to be very short-lived and 
are not known to visit any attractants. They frequent tree trunks in wooded areas, 
especially where Fraxinus dominates. 

Affinities. The members of this group are essentially forest dwellers, many being 
very little known. Zinoviev (1981) states that the ovipositor is of the angulicornis 
type and that the group has an Holarctic distribution. 

The larval morphology suggests a close affinity between the villana group and 
tuguriorum on the one hand and the jaroschewskii group on the other. 

Distribution. Europe: Pyrenees to the Alps and Riesengebirge (German Democratic 
Republic) north to Inverness-shire (Scotland), Skane (Sweden) and Slupsk (Poland). 


Phaonia (s.str.) mystica (Meigen) (vittifera (Zetterstcdt)) 
(figure 159 e—g) 


Puparium. Very like villana but caudal segment more rugose and anal spiracles 
much smaller and more remote, black with similarly arranged yellow slits; 3 prospir- 
acular lobes. 

Cephalopharyngeal skeleton with ds relatively much shorter than in villana. Length 
5.8 mm. An.sp. 0.05 mm. Ceph.skel. (0.15; 0.09; 0.52) = 0.72 mm. AB = 0.008 
(n = 1). s 

Material studied. 1? with puparium, Whitwell Coppice, Shropshire (England), coll. 
8.iv, em. v.55, from rotten log, K.G.V. Smith (BMNH). 

Biology. The situation in which this puparium was found may point to an ecological 
difference between villana and mystica. According to Assis Fonseca (1968) the flight 
period for mystica in Britain is July to September, for villana May and June, then 
July to September, suggesting that the former is univoltine and the latter bivoltine. 
In Sweden Ringdahl gives April to June for mystica and May to June for villana, 
suggesting that both are univoltine there. 

Distribution. Europe: Austria to Inverness-shire (Scotland), Jamtland (Sweden), 
southern Finland and the Leningrad area (Soviet Union). 


Phaonia (s.str.) fuscata (Fallén) 
Ovum. About 47 ovarioles (Lobanov, 1977a). 


Biology. Unknown but presumably amongst moss on trees, soil etc. In Britain this 
fly appears to be associated with old forest areas, especially where Fagus dominates. 
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Distribution. Palaearctic-Oriental: southern France and Italy to Cheshire (England), 
Swedish Lapland, southern Finland and Leningrad area (Soviet Union) east to Japan 
and Taiwan. 


Subgroup 6: sg. Bigotomyia Malloch 


Phaonia (Bigotomyia) houghi (Stein) 
(figure 160 a—d) 


Puparium. Opaque, dull red, matt, with very close transverse folds on all segments 
and with cuticle rugose and very irregularly longitudinally etched. Ventral abdominal 




















Figure 160. Phaonia (Bigotomyia) houghi: a, cephalopharyngeal skeleton from puparium; b, 
puparium (lateral view) (cuticular sculpture only partly indicated); c, perispiracular field of 
puparium; d, anal spiracle of puparium; P. (s.str.) sp. indet (Casco); e, cephalopharyngeal skeleton 
from puparium; f, perispiracular field of puparium; g, anal spiracle of puparium. (Scales: a,e 0.12 
mm;b 0.78 mm;c 0.20 mm;d, g 0.05 mm; f 0.24 mm) (Orig.). 
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welts 2—7 rather clearly defined due to orientation of rugose folds which appear to 
show areas of greater shrinkage lateroventrally on each side of medioventral line, 
suggesting that the larva may possess paired retractable false legs. No discernible 
spicules present on welts. Caudal segment with coarse, rope-like folds encircling the 
spiracular field. Anal plate rugose, obscure, without visible papillae. Anal spiracles 
minute, separated by over 4 times width of one, slits convergent on inferior scar, 
dorsal slit slightly concave, others straight. 

Cephalopharyngeal skeleton as in villana subgroup. Length 7.6 mm. An.sp. 0.06 
mm. Ceph.skel. (0.20; 0.14; 0.82) = 1.12 mm. AB = 0.008 (n = 1). 

Material studied. 1d with puparium, W. Creston, British Columbia (Canada), 23.vi. 
44 (CNC). 

Affinities. The larval morphology suggests that this species belongs in Phaonia s.str. 
close to the jaroschewskii and villana subgroups. The unusual ventral abdominal welts 
suggest the larva may be partly aquatic. Bigotomyia is a mainly Neotropical group 
having only one other Nearctic species, californiensis Malloch. 

Hennig (1965) suggests that Bigotomyia may be most closely related to his errans 
group (i.e. the valida group of this work). In most (?all) species the discal vein bends 
forwards very slightly before the wing-margin (as in valida). 

Distribution. Nearctic: California and Oklahoma to New Jersey north to British 
Columbia and Quebec. 


? Subgroup 7: falleni group 


Phaonia (s.str.) sp.indet. (‘Casco’) 
(figure 160 e—g) 


Puparium, Dull orange-red with surface matt due to microrugose sculpture; caudal 
segment more coarsely rugose, with perispiracular carinae. Ventral abdominal welts 
indiscernible at x 100: 8 prospiracular lobes. Anal spiracles minute, remote, black with 
straight, radiate, yellow slits; scar median. 

Cephalopharyngeal skeleton very like villana but ob not bent downwards at base. 
Length 7.6 mm. An.sp. 0.08 mm. Ceph.skel. (0.12; 0.10; 0.52) = 0.73 mm. AB = 
0.010 @ = 1). 

Material studied. 1? with puparium, ex S. Rechencqul, Casco (Peru), coll. 26.viii, 
em. 20.x.70 (BMNH). 

Affinities. The adult is dark-grey pruinose with blackish vittae along the acr and de 
and along the sides of dorsum, bright orange femora and mainly blackish tibiae and 
tarsi. The hind-tibial calcar is very high (18:37) as in falleni, hence the tentative 
assignment of the fly to this subgroup. The larval mouthparts show it to belong to 
Phaonia s.str. as here understood. 

Distribution. Neotropical: Peru. 
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Species of uncertain affinities 
Phaonia rhodesi Malloch 


Puparium. Length 4.5--5 mm. 

Biology. According to Cuthbertson (1935) the eggs are laid in soil near rotting 
sweet potato tubers into which the emerging larvae ‘migrate, presumably to devour 
other fly larvae including the stratiomyid Stonobrithes. They reach maturity in 5—6 
days and produce a cocoon incorporating soil and debris. The puparial stage in 
December and January takes 10--13 days and the adults were found commonly 
around Salisbury (Zimbabwe) from October to May on dung of cattle and humans. 
Cuthbertson states that the closely related varians Bigot has similar habits. 

Affinities, The cocoon production noted by Cuthbertson has not otherwise been 
reported in this genus. The larval morphology however was not described and the 
relationship between this species and other Phaonia species is not known. 
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This index includes only the muscid taxa mentioned in this work. The italicized names are 
synonyms or misidentifications. Numbers given in heavy type refer to main pages for descriptions 


of taxa. Bracketed numbers are pages upon which taxa below tribal level are figured. 


abdominalis Stein, Mor. 200 

abnormis Stein, Pha. (see varians) 

abnormis (Stein), Pse. 41, 407-409; (408) 

acela (Walkcr), Lis. (see tentaculata) 

acerba Stein, Pha. 502 

Achanthiptera 19, 24, 26, 48, 94-96, 99, 
100; (95) 

Achanthipterinae 14, 15, 16, 23, 24, 26, 48, 
94—96; (95) 

Acritochaeta (sg.) 14, 16, 289, 290-296; 
(291, 293, 295) 

acrostichalis Vock., Hel. 316-317 

aculeipes (Zett.), Thr. 158 

acuta Stein, Hyd. 130 

acutipennis Ville., Ath. 38, 296-298; (297) 

addita (Walker), Hel. 450; (448) 

aenescens R.-D., Mor. 33, 192—194, 195; (193) 

aenescens (Wied.), Oph. 29, 106-108, 111; 
(107) 

aequa Stein, Aze. 150 

aequilrons (Stein), Lis. 372, 373, 375; (374) 

aerca (Fallén), Spi. 357-358; (359) 

aestuum (Ville.), Vil. 352, 373; (374) 

Aethiopomyia 24, 27, 47, 50, 51-52; (51) 

aethiops Stein, Mus. 36, 261-263; (262) 

affinis Malloch, Heb. (see vespertina) 

affinis Karl, Hyd. 133 

affinis Meade, Myd. 324, 331, 332; (330) 

Afromydaea 323 

agromyzina (Fallén), All. 419-421; (420) 

aitkeni Dodge, Phi. 28, 72, 74; (73) 

alakaiae (Hardy), Car. 412 

albicornis (Walker), Gym. 321 

albigena (Stein), Neo. 36, 219, 224, 227 

albina Wied., Mus. 35, 229, 236~238; (237) 

albipuncta (Zett.), Hyd. 31, 118, 143, 144— 
146, 171, 190, 348; (4, 145) 

albisquama Ringd., Spi. 367 

albistyla Deeming, Ath. 314 

albocalyptrata Malloch, Pha. 482—484; (483) 

albofasciata (Macq.), Das. 211, 212; (210) 

albolineata (Fallén), Pol. (sec domitor) 

alcis (Snow), Hae. 38, 281-282; (280) 
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alliterata Huckett, Spi. 366 

Alloeonota (sg.) 29, 30, 117, 118-119, 127 

Alloeostylus 19, 20, 24, 29, 97, 146, 149, 
151, 153, 158—160; (161, 162) 

Allognota 26, 40, 419-421; (420) 

Alluaudinella 24, 27,48, 50-51 

alma (Meigen), Car. 410, 412; (410) 

alpesa Walker, Mus. 37, 268—270; (269) 

amita Hennig, Mus. 255, 257 

amurensis Hennig, Pha. 480 

Anaclysta (sg.) 40, 428, 430, 435—439; (436) 

anceps (Zett.), Hel. (see confinis) 

ancilla (Meigen), Myd. 324; (322) 

angelicae (Scopoli), Pha. 457, $02, 503, 508- 
510, 512; (509) 

angulicornis (Zctt.), Pha. 441, 453, 493, 497, 
498, 502 

angustifrons (Loew), Mus. 57 

angustifrons (Loew), Phi. 28, 72, 79-80, 82, 
83, 85, 86; (76) 

angustipennis (Stein), Hel. 469 

annobonensis Peris, Ath. 296 

antennatis Hutton, Cal. 62 

anthracina Stein, Heb. 349 

anthrax (Bigot), Spi. 150 

antunesi Lopes, Nei. 289 

anxia (Zett.), Hyd. 30, 120, 124, 126 (125) 

apicata Johannsen, Pha. 490; (489) 

approximata Malloch, Ath. 314 

approximatinervis (Stein), Lim, 391, 393 

arctica (Zett.), Spi. 360 

arcticola Huckett, Spi. 365; (366) 

arcuata Stein, Bro. (see quadristigma) 

argentata (Walker), Myo. 341, 342; (342) 

argentea (Stein), Spi. 371 

arminervis Stein, Myo. 336, 337; (341) 

armipes, of authors, Hyd. (see floccosa) 

armipes (Fallen), Hyd. 30, 119, 127, 128— 
130, 131, 138, 140; (129) 

arrogans Pont, Dic. 441 

ascendens (Stein), Bro. 430, 435; (433) 

aseta Pont, Dic. 441 

asetosa Baranov, Mor. 198, 199—200 
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asiatica Zimin, Das. 211, 212 

asiatica Pont, Myd. 324 

asiatica Hennig, Pha. 474 

assimilis Wied., Lis. 406 

assimilis (Fallén), Mus. (see levida) 

asternata Vock, Pap. 320 

aterrima (Meigen), Aze. 149 

Atherigona (s.lat.) ix, 13, 25, 289-315, 353, 
441; (18, 291, 293, 295, 297, 301, 303, 
304, 306, 308, 310, 312) 

Atherigona (s.str.) 9, 14, 15, 16, 38, 296-315; 
(18, 297, 301, 303, 304, 306, 308, 310, 312) 

Atherigoninae 16, 17, 19, 21, 23, 25, 38, 48, 
289-315 

atkinsoni Emden, Pha. 500-501 

atra Meigen, Coe. 418 

atratipes (Hardy), Car. 412 

atricans (Pandellé), Spi. 365 

atriceps (Stein), Pha. 21, 440, 447, 470, 473, 
493, 496-498; (496) 

atripalpis Malloch, Ath. 314 

atripalpis (Bezzi), Hae. 281, 282 

atripes Malloch, Gra. 20, 352, 381—383; (382) 

atrisquama Ringd., Hyd. 127 

atrisquamula Hennig, Spi. 367 

atrocitrea Malloch, Pha. 495; (494) 

atrocyanea Ringd., Pha. 474, 493—495; (494) 

atropunctipes Malloch, Met. 93—94; (92) 

attenuata Stein, Coe. 418 

attonita Pont, Pyr. 204, 205 

ausoba (Walker), Mac. 414; (415) 

australis Malloch, Hyd. 30, 118, 126, 133—134; 
(132) 

australis (Macq.), Neo. 35, 213, 214, 227-228; 
(226) 

Australophyra 24, 29, 99, 102—104, 105, 106, 
119; (103) 

autumnalis De Geer, Mus. 36, 189, 190, 228, 
235, 252-255, 256, 257, 263, 270; (253) 

Azelia xi, 24, 29, 98, 99, 146, 147~—151, 153, 
156, 171, 428; (19, 148) 

Azeliinae 14, 15, 23, 24, 26, 28, 48, 97-171, 
172 

Azeliini 15, 16, 24, 98, 146-171 


baicalensis (Schnabl), Thr. 154 

bakeri Walker, Mus. 37, 268; (269) 
Balioglutum 379 

basalis Walker, Mor. 200 

basalis (Stein), Neo. 146; (415) 

basalis (Zett.), Pha. (see angelicae) 
basdeni Collin, Hyd. 30, 127, 130; (129) 
Bdellolarynx 24, 277—279; (278) 
Bebryx (sg.) 162, 165, 167, 171; (168) 


bedfordi Emden, Ath. 39, 305, 309; (306) 

bengalensis Picard, Sto. 275 

berolinensis Hennig, Pha. 480 

bezzii Patton & Cragg, Mus. 37, 265-267, 
268; (266) 

bicincta (Stein), Gym. 321 —322; (322) 

Bigotomyia (sg.) 440, 470, 502, 503, 517-518; 
(517) 

bimaculata (Meigen), Hyd. (see diabolus) 

bina (Wied.), Myo. 333, 335-336, 338, 341, 
438: (334) 

biseriata (Stein), Spi. 358, 360, 402; (359) 

biseta Karl, Ath. 314—315 

bispinosa (Zett.), Hyd. (see anxia) 

bivittata (Macq.), All. 50-51 

boleticola Rondani, Pha. 473, 493 

boninensis Snyder, Ath. 39, 303—305; (304) 

borussica Stein, Hyd. 141, 142 

boueti Rouband, Sto. 275 

Brachygasterina 441 

brevispina (Hardy), Car. 412 

brevispina Malloch, Pha. 481-482; (478) 

Brontaea (s.lat.) 25, 40, 252, 335, 345, 425, 
428-439; (429, 433, 436) 

Brontaea (s.str.) 430-435; (429, 433) 

Brontacini 16, 19, 23, 25, 40, 335, 422—439 

brucei Malloch, Rhi. 277 

Bruceomyia 288 

brunneifrons (Ringd.), Spi. 372 

brunneisquama (Zett.), Spi. 355, 360; (359) 

Bryantina 379 ; 

Byomya (sg.) 35, 239-251; (237, 241, 243, 
245, 248, 250) 

bysia (Walker), Pha. 484, 490-491 


cadaverina, of authors, Pyr. (see vivida) 

caerulescens (Stein), Hel. 468 

caesia Meigen, Lis. 396 

calcitrans (L.), Sto. 1, 37, 122, 204, 271-275, 
276, 279, 283, 285, 340; (4, 272) 

californiensis (Malloch), Pha. 518 

calleva Walker, Mus. (see domestica) 

Calliophrys (sg.) 352, 353, 373, 375, 386, 
391-393, 399, 411; (390) 

Calliphoroides 24, 62 

calyptrata Malloch, Hel. 468-469, 471; (467) 

campestris (R.-D.), Coe. 418-419 

canadensis Snyder, Lis. 404; (403) 

canadiana Cuny, Eud. 211 

canariensis Ville., Pha. 508 

canescens Stein, Pha. 474, 476, 477 

canivitta (Walker), Dic. 445; (444) 

capensis (Wied.), Oph. 30, 106, 109, 113-115, 
117;014) 


carabao (Bohart & Gres.), Hae. (see 
sanguinolentus) 

cardini Malloch, Sce. 439 

Caricea 24, 25, 40, 355, 372, 375, 410—412; 
(410) 

carinata (Stein), Pro. 425—426, 427, 428, 
438; (424) 

castanea (Curran), Pse. 345 

caucasica (Schnabl & Dziedz.), Dry. 167 

celsa (Harris), Hel. 461 

Chaetopapuaia 25, 323 

chalcica Zinoviev, Pha. 502 

chalcogaster (Wied.), Oph. 30, 108—111, 
113;(109) 

Charadrella 24, 26, 27, 47, 52—53; (53) 

chillcotti (Huckett), Dry. 167; (168) 

cilifemur Pont, Dic. 441 

cilifera (Malloch), Bro. 432, 434; (429) 

cilipes (Haliday), Aze. 149—150, 151, 348; 
(148) 

cincta (Zett.), Pha. 21, 41, 470, 471, 473, 474, 
481, 498-500, 501; (499) 

cinerea (Meigen), Dry. 147, 167 

cinerea R.-D., Hyd, 133 

clara Hoffm., Hel. 464 

claripennis (Malloch), Neo. 218 

clavipalpis Vock., Gym. 321 

clivata Vock., Gym. 321 

Coenosia 24, 25, 40, 352, 353, 414, 416-419, 
421; (408) : 

Coenosiinae 3,6, 15, 16,17, 21, 23, 24, 
25, 26, 40, 289, 335, 345, 352-421, 
422 

Coenosiini 23, 40, 407—421 

coeruleifrons (Macq.), Neo. 34, 221—222 

cognata R.-D., Dim. 200, 332—333, 336; 
(334) 

collessi Pont, Dic. 441 

compuncta, of authors, Spi. (see setigera) 

conducens Walker, Mus. 35, 36, 240—242; 
(241) 

confinis (Fallén), Hel. 460—461 

confiscata Speiser, Mus. 35, 36, 250—251; 
(250) 

connectans Hennig, All. 421 

consanguinea (Loew), Lis. 396, 398—399 

consimilis (Fallén), Hel. 455—457 

consobrina (Zett.), Pha. 510-511 

contractifrons (Zett.), Spi. 360, 365, 409; 
(359) 

convexifrons Thomson, Mus. 36, 37, 267; 
(266) 

corbetti Emden, Pha. 48, 89-91; (90) 
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corni (Scopoli), Myd. 324—326, 329, 336; 
(325) 

cotnicina (F.}, Neo. 34, 190, 191, 194, 197, 
206, 208, 213, 214-217, 218, 219, 221, 
222, 340; (216) 

corvina F., Mus. (see autumnalis) 

cotidiana Snyder, Lis. 304; (405) 

crassipalpis (Ringd.), Hae. (see stimulans) 

crassirostris Stein, Mus. 35, 36, 251-252, 
438; (250) 

cressoni Malloch, Hyd. 119 

crinipes Stein, Pha. (see jaroschewskii) 

cristata Malloch, Hyd. 120, 126 

Cryptophyra 99, 105, 106 

culminum Pokorny, Thr. 158 

curviforceps Saccha & Riv., Mus. (see domestica) 

curvinervis (Stein), Pap. 320 

cuthbertsoni Emden, Dic. 441 

cyaneiventris (Macq.), Hyd. 120 

cyanella (Meigen), Eud. 34, 190, 201, 202, 
205, 206—208, 209; (207) 

cyanicolor (Zett.), Eud. 38, 209—211; (209) 

cyrtoneura Séguy, Hyd. 120 

Cyrtoneurina 24, 27, 47, 88-89; (89) 

cyrtoneurina (Zett.), Hyd. 120 

czernyi (Hennig), Pha. 498 


Dasymorellia 206 

dasyops (Stein), Spi. 363—365; (364) 

Dasyphora 14, 24, 34, 201, 211-213, 229; 
(210) 

davida Snyder, Neo. 87 

debilis Williston, Bro. 431-432, 434, 435; 
(429) 

deceptivus Dodge & Aitken, Phi. 28, 77, 
82-83; (81) 

decipiens Meigen, Coe. (see pedella) 

decipiens (Loew), Mes. 186 

decolor (Fallén), Dry. (see vicana) 

deleta (Stein), Pha. 470, 514; (513) 

Deltotus 206 

Dendrophaonia (see Potamia) 

dentipes (F.), Hyd. 1,97, 112, 118, 119, 
120-123, 124, 126, 130, 137, 138, 172, 
235, 271; (18, 121) 

depuncta (Fallén), Hel. 454—455 

detrita (Zett.), Myd. (see orthonevra) 

Dexiopsis 25, 414-415 

diabolus (Harris), Hyd. 30, 118-119, 128 

Dialyta (sg.) 470, 474, 496-498; (496) 

Dialytina (see Dialyta) 

diaphanus (Wied.), All. 154, 158—160 (162) 

Dichaetomyia 22, 25, 40, 47, 88, 206, 440, 
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441-446, 468, 469, 471, 474, 497, 498; 
(443, 444) 

ditfidens (Walker), Neo. 214 

diffidentia Vock, Gym. 321 

Dimorphia 25, 26, 40, 94, 205, 315, 332-333; 
(334) 

discimana Malloch, Myd. (see affinis) 

discreta Stein, Lim. 388; (387) 

“Disney’s Xenomyia” 25, 40, 41, 352, 375, 
411; (376) 

distanti Malloch, Dic. 441 

distincta Malloch, Ath. 38, 294, 295, 298; 
(293) 

distincta (Stein), Bro. 434 

distincta (Walker), Pyr. 206 

distinctipennis Snyder, Neo. 214 

domestica L., Mus. 1, 9, 11, 15, 35, 54, 60, 
106, 108, 112, 115, 122, 140, 172, 200, 
228, 229, 230—235, 237, 238, 246, 252, 
263, 271, 274, 324, 340; (8, 10, 231) 

domitor (Harris), Pol. xi, 32, $9, 122, 172, 
173, 176, 181-183, 202; (182) 

dorsalis (Loew), Sch. 414 

dorsocentralis Emden, Dic. 442, 444, 445; 
(443) 

downsi Dodge & Aitken, Phi. 28, 75—77, 79; 
(76) 

draperi Séguy, Lis. 396 

Drymeia (s.lat.) 13, 20, 24, 29, 146, 157, 
158, 159, 160-171, 510; (19, 164, 168, 
170) 

Drymeia (s.str.} 31, 163—165; (164) 

dubia (Malloch), Neo. 34, 224, 225; (223) 

dubiosa Hennig, Coe. 419 

duplaris (Zett.), Hel. (see reversio) 

duplicata (Meigen), Hel. (see reversio) 

dutoiti Zumpt, Rhi. 37, 271, 277; (278) 


Eginia 9, 24, 26, 43—46; (44) 

Eginiinae 3, 14, 15, 16, 21, 23, 24, 26, 
43-46 

electa (Zett.), Myd. 324, 331-332 

elgonica Emden, Lim. 386—388; (387) 

erinacea (Fallén), Pha. (see angulicornis) 

errans (Meigen), Pha. 502, 503, 505—507, 
508, 518; (S06) 

Eudasyphora 24, 33, 201, 202, 206-211, 
213, 214, 447; (207. 209) 

Eumesembrina (sg.) 184 

Eumusca (sg.) 19, 36, 37, 172, 191, 192, 
198, 229, 238, 243, 250, 252-263; (5, 
253, 257, 259, 262) 

Euphemia (sg?) 473, 474, 476, 481 


evecta (Harris), Hel. 447-449, 450, 452, 453, 
464, 508; (448) 

exigua (Meigen), Hae. 16, 37, 38, 134, 277, 
278, 285-286, 434 

exigua (Wied.), Pse. 383; (384) 

exoleta (Meigen), Pha. xiv, 40, 399, 422, 440, 
470, 471-473, 474, 500, S01, 512; (472) 

exuta Kowarz, Lim. 386, 392—393; (390) 

ezensis (Shinonaga & Kano), Bro. 430 


falcata (Thomson), Ath. 39, 305—307; (306) 

falleni Michelsen, Pha. 518 

falsificus Dodge & Aitken, Phi. 19, 28, 72, 
74-75; (12, 73) 

fasciculata (Hardy), Car. 412 

fasciventris (Wulp), Phi. 74 

fergusoni J. & B., Mus. 37, 260-261, 265; 
(259) 

flavescens (Stein), Bro. 439 

flavicans (Malloch), Myo. 341, 342 

flavicornis (Macq.), Dim. (see cognata) 

flavicornis (Coq.), Myd. 324, 328-329; (327) 

flavicornis (Malloch), Nei. 38, 288—289 

flavipes (Coq.), Syn. 46; (45) 

flavithorax Stein, Pol. 91-92 

flavofusca (Malloch), Hel. 9, 315, 316, 318— 
320; (319) 

fletcheri (Malloch), Pse. 409; (408) 

flexa (Wied.), Bro. 430, 438, 439; (436) 

floccosa Macq., Hyd. 127, 136, 143-144 

formosana Malloch, Mus. 37, 263—265, 267; 
(264) 

foveolata (Zett.), Thr. 153 

fratercula (Zett.), Hel. 457 

fugax Tiensuu, Pha. 477, 479 

fulvisquama (Zett.), Hel. 452, 453; (451) 

fumidala Vock., Myo. 338 

fumivenosa Deeming, Ath. 298 

fumosa (Meigen), Heb. 349-350 

fungorum Pont, Pro. 426 

fusca (Malloch), Car. 375, 411-412; (410) 

fusca (Meade), Pha. 493 

fuscata (Fallén), Pha. 508, 516-517 

fuscipes Ringd., Lis, (see consanguinea) 

fuscoflava (Malloch), Hel. 316, 317-318, 
320 


gabonensis Macq., Mus. 268 

gavisa (Walker), Neo. 218 

gemina (Wied.), Cyr. 88-89; (89) 

geminata Snyder, Cyr. 89 

gentilis (R.-D.), Bro. 431 

gibsoni Patton & Cragy, Mus. (see convexifrons) 


gigas (Stein), Aet. 51-52; (51) 

gilvifolia Emden, Ath. 39, 307-309; (308) 

glauca Malloch, Pha. 501 

glaucinis Dodge & Aitken, Phi. 28, 83; (84) 

gobertii (Mik), Pha. 102, 441, 460, 473, 474, 
476-477, 479, 480, 482, 484, 491, 495, 
498, 500, 512; (475) 

‘“‘Gouteux’s Xenomyia”’ 377; (376) 

gracilis (Stein), Pha. 474, 482 

grandaeva (Zett.), Pha. 474, 493, 495 

Graphomya 22, 25, 40, 41, 271, 352, 353, 
377-383, 399, 471, 473, 501; (378, 382) 

Graueria (see Hennigmyia) 

greenwoodi (Bezzi), Neo. 227 

griseocoerulea (Malloch), Pol. (see hirticrura) 

groenlandica (Lindb.), Dry. 165, 166-167 

gussakovskyi Zimin, Das. 62, 211, 212-213; 
(210) 

Gymmnodia (see Brontaea) 

Gymnopapuaia 25, 40, 321—322, 323; (322) 

gymnophthalma (Hennig), Dry. 171 


Haematobia 6, 13, 24, 122, 144, 252, 282- 
287; (283) 

Haematobosca 24, 183, 271, 279-281; (280) 

halterata (Stein), Pha. 497, 498; (496) 

hamata (Fallén), Dry. 31, 161, 163-165; 
(164) 

harti Malloch, Pha. 482, 484; (478) 

Hebecnema xi, 19, 25, 40, 149, 281, 335, 
345-351, 353, 422; (347, 354) 

Helina (s.lat.) 15, 19, 25, 40, 335, 344, 345, 
440, 446-469, 471 (20, 448, 451, 456, 
459, 462, 465, 467) 

Helina (s.str.) 21, 40, 41, 42, 333, 440, 452- 
466, 469, 471, 497, 498, 502; (20, 451, 
456, 459, 462, 465) 

Hemichlora 23, 66 

Hemichlorinae 23 

Hemichlorini 24, 48, 66 

Helinomydaea 6, 14, 25, 40, 48, 94, 316—320, 
345, 447; (319) 

Hennigiola 25, 40, 423-425, 426, 427; (424) 

Hennigmyia 22, 24, 32, 172, 173, 174-175; 
(174) 

Hera (sg.) 183-155; (152) 

hervei Ville., Mus. 37, 255; (253) 

heterochaeta (Ville.), Pas. 28, 66-69, 71; 
(65, 67) 

hetcromma Emden, Pha. 484 

himalayensis Pont, Das. 213; (210) 

himalayensis Pont, Hyd. 141 
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hirticrura Meade, Pol. 32, 154, 171, 176-178, 
183, 189, 190, 508; (177) 

hirtitibia Stein, Oph. 110 

hirtulus (Zett.), Thr. 158 

hortensia (Wied.), Mor. 33, 191, 192, 198-199, 
(195) 

hortorum (Fallén), Mor, 33, 171, 190, 191, 
192, 194—196, 197, 198; (195) 

houghi Malloch, Hyd. 120, 124-126; (125) 

houghi Stein, Pha. 517—518; (517) 

Huckettomyia 99, 100 

humeralis, of authors, Ath. (see bedfordi) 

humeralis (Wied.), Ath. 313 

humeralis R.-D., Myd. 326—328, 329; (327) 

humilis (Zett.), Bro. 430, 434 

humilis Meigen, Coe. 418 

hyalipennis Emden, Ath. 313 

Hydrotaea (s.lat.) xi, 24, 98, 99, 100, 105, 106, 
117-146, 151, 169, 229, 254, 281, 345, 
350; (121, 125, 129, 132, 135, 139, 145) 

Hydrotaea (s.str.) 20, 25, 29, 30, 97, 98, 99, 
105, 118, 120, 126—146, 183, 422, 423; 
(19, 129, 132, 135, 139, 145) 

Hydrotaeinae (see Azeliinae) 

Hydrotaeini 21, 24, 98-146, 172, 174 

Hydrotaeoides (sg.) 29, 30, 97, 100, 104, 146, 
119-126, 127, 129, 133; (421, 125) 

hypocrita Vock., Gra. 381 

Hypodermodes (sg.) 33, 184-187; (185) 


ignava (Harris), Oph. 30, 106, 108, 110, 111— 
113, 114, 115, 116; (109) 

immaculiventris Malloch, Dic, 441 

impedita (Pandellé), Bro. 435, 437;.(436) 

impuncta (Fallén), Hel. 452, 453-454, 455, 
458, 461, 466; (451) 

inanis (R.-D.), Ach. (see rohrelliformis) 

incana (Wied.), Pha. 510 

indecora (Walker), Pas. 28, 69-71, 78; (70) 

indica (R.-D.), Neo. 34, 218, 221; (220) 

indicus Picard, Sto. 37, 276 

inferior Stein, Mus. 270 

infuscata (Bigot), Heb. 345, 351 

integrifemur Emden, Ath. 315 

interfrontalis Emden, Pha. 480; (478) 

intermedia Zett., Mes. 190 

intermedia Pont, Pro. 426 

irritans (L.), Hae. 9, 38, 97, 271, 277, 278, 
279, 282-285, 286, 346; (283) 

irritans (Fallén), Hyd. 30, 118, 119, 120, 
126, 127, 133, 137, 138-141, 142, 144, 
146, 190; (139) 
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jaroschewskii (Schnabl), Pha. 19, 422, 440, 
470, 502, 512-514, 516, 518; (513) 
johannis Pont, Dic. 441 


kaalae (Williston), Car. 412; (410) 
kashmirana Pont, Hyd. 120 
kempi (Emden), Eud. 211 
krivosheinae Lobanov, Mus. 57 


lacteipennis (Zett.), Dex. 415 

laeta (Fallén), Pha. 474, 480, 481; (475) 

laeta, of authors, Pha. (see pratensis) 

laetabilis Collin, Pha. (see laeta) 

laetifica R.-D., Hel. (see evecta) 

laevifrons (Loew), Neo. 34, 213, 218-219 

laevigata (Loew), Ath. 299, 302—303, 307; 
(303) . 

laevis (Stein), Myo. (see arminervis) 

lardaria (F.), Pol. 32, 59, 173, 175, 176, 178— 
181, 190; (179) 

larvipara Portch., Mus. 37, 212, 254, 255, 
263; (264) 

lasiopa Emden, Bro. 430, 432—434; (433) 

lasiophthalma Thomson, Mus. 35, 247-249; 
(248) 

Lasiothricops (sg.) 31, 153, 155—157; (152) 

laterohitta Vock., Gym. 321 

latifrons (Malloch), Hae. 282 

latifrons (Malloch), Nei. 289 

latifrons Malloch, Neo. 221 

latipalpis Schnabl & Dziedz., Pha. 484, 490 

latreillei R.-D., Mes. 184 

lauta (Wied.), Neo. 34, 217—218, 219, 221, 
227, 228; (216) 

lenticeps (Thomson), Myo. 341-342; (342) 

leucogaster (Zett.), Spi. 371, 372; (370) 

leucomelas (Wied.), Gra. (see maculata) 

leucostoma (Wied.), Oph. (see ignava) 

levida (Harris), Mus. 54, 55-57, 59, 60, 62; 
(4, 55) 

Limnophora (s.lat.) 24, 25, 40, 352, 353, 355, 
372, 373, 375, 386-393, 395, 396; (368, 
387, 390) 

Limnophorinae (see Coenosiinae) 

Limnophorini 40, 353-407 

lindrothi Ringd., Lim. (see pandellei) 

lincata (Adams), Ath. 39, 299-300; (297) 

Lispe 25, 40, 352, 353, 358, 375, 389, 395— 
407; (397, 401, 403, 405) 

Lispocephala (see Caricea) 

Lispoides 25, 40, 352, 353, 355, 372, 373, 
375, 411; (374) 


Lissosterna (sg.) 35, 236-238; (237) 

litorea (Fallén), Lis. 358, 398, 400-402, 403, 
404; (401) 

litorea (Fallén), Spi. 363 

litorella (Fallén), Sch. 412-414, 416; (413) 

littoralis R.-D., Pot. 29, 99, 100-102, 120, 
473;(101) 

loewi Ringd., Lis. 400, 402, 403, 404; (401) 

longicollis Meigen, Lis. 396, 406 

longicornis (Macq.), Pas. 69, 71 

longifolia Emden, Ath. 313 

longimaculata Stein, Coe. 419 

longipalpis Malloch, Ath. 38, 292, 294, 296, 
307; (291) 

longipes (Zett.), Thr. 31, 153, 154-155; (152) 

Lophosceles 471 

lucida Stein, Hel. 466; (465) 

lucidula Loew, Mus. 36, 239, 244; (243) 

lundbecki Michelsen, Cry. 99, 100 

lusoria Wied., Mus. 37, 200, 258-260; (259) 

luteiventris (Rondani), Dic. 446 

luteva (Walker), Pha. (see errans) 

lutzi Pinto & Fonseca, Nei. (see flavicornis) 


macalpinei Pont, Pro. 423, 426, 427 

macquarti Staeger, Aze. (see nebulosa) 

macrops Curran, Neo. 221 

Macrorchis 25, 40, 414; (415) 

macrosoma Wuip, Cha. 53 

maculata (Scopoli), Gra. 379-380, 381, 382; 
(378) 

maculipennis (Walker), Cyr. 89 

maculiventris (Zett.), Myd. 324, 332 

maculosa Austen, Sty. 288 

magnicornis (Zett.), Pha. 502 

magnifica Aldrich, Mes. 190 

malacophaga S. Lopes, Cha. 52-53; (53) 

marginata (Stein), Pap. 320 

marginifera Hennig, Spi. 367 

mauiensis (Hardy), Car. 412 

meditabunda (F.), Myo. 122, 190, 232, 235, 
240, 271, 324, 329, 335, 338-340, 422, 
435, 438; (339) 

meditata (Fallén), Mac. 414 

mediterranea Hennig, Pha. 505 

megophthalma Malloch, Dic. 441 

Megophyra 99, 105, 106 

melanosoma (Iuckett), Spi. 355, 371-372, 
412; (370) 

meridiana Zumpt, Hae. 287 

meridiana (L.), Mes. 1, 171, 176, 180, 181, 
183, 184, 186, 187—190: (188) 


meridionalis Zimin, Das. 212 

meridionalis Portch., Hyd. 141 

meridionalis Peris & Llorente, Pol. 181 

Mesembrina (s.lat.) 24, 32, 33, 172, 173, 175, 
181, 183-190; (185, 188) 

Mesembrina (s.str.) 33, 184, 187-190 

Mesembrinini 14, 16, 24, 31, 91, 172, 173— 
190, 204 

mesolissa Bezzi, Pse. 385, 388; (387) 

mesopotamiensis Patton, Mus. (see lusoria 
and formosana) 

metatarsalis Thomson, Lis. 407 

meteorica (L.), Hyd. 30, 118, 127, 131-133, 
134; (132) 

Metopomyia 14, 23, 24, 27, 47, 93-94, 96; 
(92) 

micans (Macq.), Mor. 33, 198-199; (193) 

micans Ringd., Spi. 363; (364) 

miliaceae Malloch, Ath. 315 

militaris (Meigen), Hyd. 31, 127, 136-138, 
140, 144, 190; (135) 

mimicola Dodge, Phil. 28, 77, 79 

minuta Arntfield, Gra. 381 

minuta (Bezzi), Hae. 285, 287 

minutalis (Zett.), Dex. 415 

mitrata Séguy, Ath. 39, 300—302; (301) 

molestus Meinert, Phi. 86 

montana Zimin, Mes. 190 

montgomeryi (Hardy), Car. 412 

Morellia xi, 6, 19, 24, 32, 33, 172, 183, 190, 
191-200, 204, 235, 254, 340; (193, 
195) 

munroi Curran, Dic. 441 

Musca (s.lat.) 6, 19, 24, 32, 34, 64, 97, 98, 
105, 108, 110, 118, 122, 172, 183, 192, 
204, 208, 211, 212, 213, 214, 228-270, 
333; (8, 10, 237, 241, 243, 245, 248, 
250, 253, 257, 259, 262, 264, 266, 
269) 

Musca (s.str.) 35, 230—236; (8, 10, 231) 

Muscina 21, 23, 24, 27, 47, 48, 53-61, 62, 64, 
72, 77, 92, 94, 98, 99, 100, 115, 122, 
299; (55, 58) 

Muscinae 15, 19, 21, 22, 23, 24, 31,48, 54, 91, 
97, 172—270, 271 

Muscini 11, 24, 25, 26, 27, 19, 21, 22, 24, 91, 
97, 172, 173, 174, 190-270 

Mydaea 24, 40, 208, 281, 323-333, 335, 344, 
345, 365; (322, 325, 327, 330) 

Mydaeinae 3, 6, 15, 16, 19, 23, 25, 26, 40, 
47, 48, 94, 205, 315-351, 353, 422, 423, 
425,447 

mydaeinaformis Huckett, Spi. 361, 372; (362) 

Myospila 22, 25, 40, 42, 59, 122, 208, 229, 
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235, 281, 315, 324, 333-344, 345, 447, 

471; (334, 337, 339, 342, 343) 
mystacea (L.), Mes. 33, 184-186; (185) 
mystica, of authors, Pha. (see villana) 
mystica (Meigen), Pha. $16; (515) 


naqvii Steyskal, Ath. 39, 302; (301) 

neboissi Pont, Dic. 441 

nebulosa R.-D., Aze. 149, 150—151; (148) 

Neivamyia 271, 288-289 

Neodexiopsis 25, 40, 416; (415) 

Neomusca (see Philornis) 

Neomuscina 24, 86—88 

Neomyia 19, 21, 24, 32, 33,34, 54, 138, 172, 
183, 186, 192, 204, 213-228, 235, 333, 
447; (216, 220, 223, 226) 

neotropica Snyder, Aze. 149 

nepalensis Pont, Hyd. 130 

nepenthincola Meijere, Pha. 41, 422, 440, 
470, 471, 501, 502; (499) 

“New Zeuland Spilogona” 355—357; (354, 356) 

nicholsoni Curran, Hyd. 120 

nidicola Malloch, Hyd. 127, 130 

nielseni Dodge, Phi. 28, 77, 78-79 

niger Dodge & Aitken, Phi. 28, 85 

nigra (R.-D.), Heb. 349 

nigra (Wied.), Oph. (see spinigera) 

nigra (Macq.), Sto. 275, 276 

nigricolor (Fallén), Heb. 350; (347) 

nigrifrons (R.-D.), Thr. 31, 153-154, 155, 
156, 157; (152) 

nigriorbitalis Stcin, Lim. 391, 393 

nigripalpis (Stein), Dic. 446; (444) 

nigripennis (Walker), Hel. 447, 450; (448) 

nigripes (R.-D.), Pse. 385; (384) 

nigrisquama Stein, Pha. 480 

nigrita Vock., Heb. (see uniseta) 

nigritarsis Jaen., Pse. 344 

nigrogrisea (Karl), Bro. 430 

nigrolimbata Bonsdorff, Pol. 181 

nigroscuta Bohart & Gressitt, Dic. 441 

nilotica (Loew), Mor. 200 

norrisi Pont, Dic. 441 

notabilis Stein, Lim. (see quaterna) 

novaebritanniae Vock., Myo. 335 

nuba Wied., Lis. 406; (405) 

nubiana Bigot, Dic. (see luteiventris) 

nubilicosta Malloch, Hyd. 120 

nudinervis Stein, Neo. 86, 88 

nudiseta (Wulp), Syn. 62-64; (63) 

nudissima (Loew), Neo. 214 

nudisterna (Pont), Myo. 335 

nymphaearum (R.-D.), Pha. 474, 493, 496, 
497,498 


546 


obliterata (Malloch), Bro. 423, 430, 438-439; 
(436) 

obscura (Wulp), Phi. 85 

obscura (Malloch), Spi. 361-363, 365, 372; 
(362) 

obscurata (Meigen), Hel. 464 

obscurella Malloch, Myd. 324 

obscurifrons Sabrosky, Oph. 115 

obsoleta (B.B.), Myo. 335 

obsoleta Hennig, Pha. 477 

occidentalis Deeming, Ath. 39, 298-299 

occulta (Meigen), Hyd. (see armipes) 

ochricornis (Wied.), Mor. 200 

Ochromusca 17, 19, 23, 24, 27,47, 48-50, 
53, 66, 440, 442; (49) 

ochrosoma Speiser, Sto. 276 

ocypterata (Meigen), Egi. 43; (44) 

oligochaeta Hennig, Coe. 421 

olympiae Lyneborg, Lim. 386, 389, 391, 393; 
(390) 

omega Newstead, Sto. 275 

okazakii Shinonaga & Kano, Oph. 110 

Ophyra 24, 29, 97, 99, 104-117, 119, 120, 
122, 126, 127, 129, 146; (107, 109, 114, 
116) 

orbitalis, of authors, Lim. (sce pandellei) 

orichalceoides (Huckett), Pol. 32, 178; (177) 

orientalis Schiner, Ath. 38, 289, 290~292, 
294, 295, 296, 307, 311, 383; (291) 

orientalis (Wied.), Lis. 396, 399, 400; (397) 

Orthellia (see Neomyia) 

orthonevra (Macq.), Myd. 332 

ortizi Peris, Hen. 175 

oryzae Malloch, Ath. 39, 302, 309-311; 
(310) 

osiris Wied., Mus. 143, 238, 239, 435 

osiris, of authors, Mus. (see vitripennis) 

ovipara Portchinsky, (see autumnalis) 

oxycera Emden, Xen. 377, 393—395; (394) 


pabulorum (Fallén), Mus. (see prolapsa) 

pacifica Zimin, Neo. (see laevifrons) 

palaestrica (Meigen), Hyd. 120 

pallicornis Pont, Oph. 110 

pallida (F.), Pha. 159, 485, 487-488; (486) 

pallidibasis (Hardy), Car, 412 

pallidibasis Vock., Myd. 535 

pallidipes Malloch, Ath. 38, 294-295; (295) 

pallidus Roubaud, Sto. 275 

pallitarsis (Stein), Dic. 442-445; (444) 

palpata (Stein), Pha. 473, 484, 488, 491-493; 
(492) 


palposa (Walker), Lis. 396, 400, 404 
palustris Deeming, Ath. (see acutipennis) 
pamirensis Hennig, Xes. 163 

Panaga (sg.) 446; (444) 

pandellei Stein, Hyd. 141 

pandellei Séguy, Lim. 388—389; (368) 

Papuaia 25, 315, 320-321, 323 

Papuaiella 25, 323 

papuensis Vock., Myo. 338 

Parapictia (see Myospila) 

Parapyrellia 192 

parimpar Pont, Dic. 441 

parva Meade, Hyd. 127 

pascuorum (Meigen), Mus. 59-60 

Passeromyia 9, 11, 15, 23, 24, 27, 28, 47, 54, 
64-72; (65, 67, 70) 

patersoni Zielke, Xen. 395; (394) 

pattoni Austen, Mus. 36, 249—250; (248) 

pauciseta (Hardy), Car. 412 

pectinata (Johannsen), Hel. 469; (465) 

pedella (Fallén), Coe. 417 

pellucens Portchinsky, Hyd. 31, 138, 141— 
142 

pellucida (Stein), Myo. 341 

penicillata (Rondani), Hyd. 141 

perdita (Meigen), Pha. 480, 503 

perturbans (Bezzi), Hac. 281 

pertusa (Meigen), Hel. 447, 458-460; (459) 

Phaonia (s.lat.) 9, 15, 19, 25, 40, 157, 422, 
440, 441, 446, 469-519; (4, 20, 474, 475, 
478, 483, 486, 489, 492, 494, 496, 499, 
504, 506, 509, 513, 515, 517) 

Phaonia (s.str.) 440, 447, 449, 470, 471, 
473, 502—519; (20, 504, 506, 509, 513, 
515) 

Phaoniinae 13, 15, 23, 25, 26, 40, 48, 54, 96, 
175, 206, 289, 345, 422-519 

Phaoniini 15, 16, 25, 40, 422, 423, 425, 
440-519 

Phaonina 24, 26, 27, 31,47, 89-91, 172; (90) 

Philaematomyia (sg.) 251-252; (250) 

Philornis 9,11, 15, 20, 22, 23, 24, 27, 28, 47, 
48, 66, 72-86; (73, 76, 81, 84, 87) 

philydra (Hardy), Car. 412 

pici (Macq.), Phi. 85 

picta (Zett.), Gra. (see maculata) 

pilifemur (Stein), Dic. 441 

pilipes Stein, Hyd. 127 

planiceps Wied., Mus. 35, 242-243, 249; 
(243) 

Plaxemyia (sg.) 238-239; (237) 

plumiseta (Stein), Pse. (see exigua) 


podagrica (Loew), Mar. 33, 196, 198; (195) 

Pogonomyia (sg.) 31, 162, 163, 165-167, 
169, 171; (168) 

Polietes (s.lat.) 6, 22, 24, 32,91, 98, 122, 
173, 174, 175—183, 184, 270; (177, 179, 
182) 

Polietes (s.str.) 32, 178-183; (179, 182) 

Polietina 21, 24, 54, 91-92 

pollinosa (Malloch), Pro. 426, 427-428; (424) 

polystigma (Meigen), Bro. 434 

polystigma Snyder, Cyr. 89 

ponti Deeming, Ath. 39, 299, 309; (308) . 

populi (Meigen), Pha. (see rufiventris) 

“porteri” Dodge, Phi. 72; (87) 

Potamia 24, 96, 99-102, 104, 105,119; (101) 

potans (Bezzi), Hae. (see thirouxi) 

pratensis (R.-D.), Bro. (see polystigma) 

pratensis (R.-D.), Pha. 470, 471, 474, 480— 
481, 500 

pratorum (Meigen), Das. 212, 213; (210) 

pribilofensis (Malloch), Dry. 165, 166; (168) 

Prohardyia 25, 40, 422, 423, 425-428; (424) 

prolapsa (Harris), Mus. 54, 57-59, 64; (58) 

propinqua (Stein), Myo. 341 

prosternalis Emden, Myo. 344 

protuberans (Zett.), Hel. 323, 355, 457-458 

Pseudocoenosia 25, 40, 407—409, 411, 417; 
(408) 

Pseudohelina 344 

Pseudolimnophora 25, 40, 286, 383-385; 
(384) 

Pseudophaonia (sg.) 32, 173, 175, 176-178, 
184; (177) 

Pseudorthellia (sg.) 227; (226) 

Ptilolepis (sg.) 270 

pubiseta (Zett.), Hel. 455, 508; (456) 

pudorosa Collin, Coe. 418 

pulchella (Ringd.), Hel. 458 

pulchriceps (Loew), Lim. 392 

pulla (Wied.), Ath. 314 

pumila (Fallén), Coe. 419 

punctata Karl, Ath. 315 

punctata R.-D., Hel. (see sexmaculata) 

punctigera (Austen), Sty. 288 

punctiventris Vock., Hel. 317 

pura (Loew), Pha. 477-479, 482, 484, 495; 
(475) 

pusilla Huckett, Spi. 367; (366) 

Pyrellia 14, 24, 33, 34, 200-205, 206; (202, 
203) 

Pyrellina 33, 205-206 


quadrata (Wied.), Dic. 441 
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quadrimaculella Hennig, Hcl. (sec celsa) 

quadristigma (Thomson), Bro. 431, 432 

Quadrularia (sg.) 40, 440, 446, 447-452, 453, 
464, 469, 471, 502; (448) 

quadrum (F.), Hel. 458 

quaterna (Loew), Lim. 386, 388 

querceti (Bouche), Pot. (see littoralis) 

querulus Dodge & Aitken, Phi. 28, 85 


regina Malloch, Hel. 466—468, 469, 471, 
474; (467) 

Reinwardtiinae 8, 9.11, 14,15, 16, 19, 21, 23, 
24, 25, 47-94, 96, 97, 98, 172, 174, 289, 
316, 318 

Reinwardtiini 24, 48-88 

resplendens Wahlberg, Mes. 184 

rettenmeyeri Dodge, Phi. 74 

reversa (Walker), Dic. 44] 

reversio (Harris), Hel. 461—463, 464, 470; 
(462) 

rhingiaeformis (Ville.), Neo. 34, 222, 224; 
(223) 

Rhinomusca 24, 37, 277; (278) 

thodesi Malloch, Pha. 518-519 

rhodesi Malloch, Pyr. 33, 205—206 

Rhynchomydaea 25, 428 

Rhynchotrichops (see Thricops, s.str.) 

ringdahli Stein, Hyd. 127, 130 

riparia (Fallén), Lim. 383, 389, 391~392, 
393; (390) 

Rohrella (sg.) 41, 42, 440, 441, 442, 447, 
460, 468, 469, 470, 471, 473501, 502, 
503; (4, 475, 478, 483, 486, 489, 492, 
494) 

rohrelliformis (R.-D.), Ach. 94-96; (95) 

rostrata (R.-D.), Aus. 102—104; (103) 

rostratus (Meade), Thr. 31, 154, 157-158; 
(156) 

ruficornis (Malloch), Bro. 435-437, 438, 439; 
(436) 

ruficornis Shinonaga, Neo. 218 

rufina (Stein), Pse. 344 

tufinervis (Pokorny), Myd. 324 

rufipalpis Meigen, Coc. 418 

rufipalpis (Macq.), Pha. 473, 493; (492) 

tufitarsis (Stein), Neo. 227 

rufitibia Stein, Gra. 380-.381 

rufitibia (Stein), Tet. 421; (420) 

rufiventris (Scopoli), Pha. 332, 485-487, 
488, 491; (486) 

rufula Vock., Heb. 351 

Rypellia 208 

ryszardi Draber-Monko, Hae. 281 
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Saishuensis Ouchi, Mor. (see asetosa) 

salina Aldrich, Lis. 402—403; (403) 

sanguinaria Austen, Sty. 288 

sanguinis Dodge & Aitken, Phi. 28, 83; (84) 

sanguinolentus Austen, Bde. 38, 277-279; 
(278) 

saperoi Bohart & Gressit, Dic. 446 

scabra (Giglio-Tos), Pot. 25, 27, 97, 98, 99-— 
100, 102 

scalaris Loew, Lis. 396 

scambus (Zett.), Hyd. 31, 141, 142; (139) 

scatophaga (Curran), Bro. (see debilis) 

scatophaga (Malloch), Neo. 221 

Scenetes 439 

schildi Dodge, Phi. 74 

schillingsi (Grinberg), Hae. 287 

Schoenomyza 25, 40, 412-414; (413) 

sciarivora Emden, Hel. 447 

seutellaris R.-D., Myd. (see corni) 

scutellata (Zett.), Pha. 508 

segnis (Holmgren), Dry, 165-166 

semicinereus (Wied.), Thr. 33, 153, 154, 155- 
157; (152) 

semivittata Malloch, All. 421 

serva (Meigen), Pha. 502, 511-512; (509) 

setifemur Ringd., Myd. 326, 328 

setifemur (Ringd.), Pot. 100, 102, 473 

setifrons Vock., Cha. 323 

setifrons Vock., Gra. 381, 383 

setigera (Stein), Spi. 365—366 

setinerva Schnabl & Dziedz., Lim. (see 
olympiae) 

setinervis (Stein), Hen. 174—175; (174) 

setinervis (Stein), Myo. 336, 337 

setinervis Dodge, Phi. 74 

setiventris Ringd., Hel. 21, 463, 464; (462) 

setosa (Loew), Eud. 211 

setulifera (Stein), Hen. 423-425; (424) 

sexmaculata Preys., Hel. 447, 464—466; (465) 

sexnotata Meigen, Coe. (see campestris) 

sexvittata Vock., Gym. 321 

shibuyai Pont, Ath. (see boninensis) 

sibirica Hennig, Dry. 167 

sibirica Pont, Pha. 495 

siebecki Schnabl, Pha. 514 

signata (Meigen), Pha. (see tuguriorum) 

similis Meade, Hyd. 120 

simplex (Wied.), All 159, 160 

simplex Thomson, Ath. 314 

simplex (Loew), Mor. 33, 171, 175, 190, 191, 
192, 194, 196, 197-198, 199; (195) 

simplex Stein, Oph. 110 


simplicissima Zimin, Mor. (see asetosa) 

simulans Malloch, Pha. 501, 502 

sitiens Rondani, Sto. 275 

soccata Rondani, Ath. 39, 289, 311-313; 
(312) 

sociabilis Loew, Lis. 407 

solitaria (Knab), Mes. 33, 186-187; (185) 

solitaria (Zett.), Pse. 409 

sorbens Wied., Mus. 35, 110, 228, 238, 244-— 
246; (245) 

sordidisquama Hennig, Pha. 480 

soror Pont, Dic, 441 

sp. indet. (Cantrell), Dic. 445; (443) 

sp. indet. (Casco), Pha. 518; (517) 

sp. indet. (1. Sylvester), Spi. 357; 54) 

sp. indet. (Oaxaca), Phi. 86; (84) 

sp. indet. (Puerto Rico), Phi. 85; (84) 

sp. indet. (Queensland), Ath. 39, 307; (306) 

sp. indet. (Takaka Hill), Spi. 355; (354, 356) 

sp. nr. ancora, Ath, 313-314 

sp. nr. flavofusca, Hel. 9, 320 

sp. nr. fuscoflava, Hel. 318; (319) 

sp. nr. incerta, Spi. 369—371; (374) 

sp. nr. xanthomelaena, Mus. 36, 258; (257) 

sperata (Walker), Neo. 228 

Spilogona (s.lat.) 24, 25, 40, 157, 286, 323, 
345, 353-372, 409, 411, 412, 417; 
(354, 356, 359, 362, 364, 366, 368, 370, 
374) 

Spined Spilogona 355, 365-372, 386; (366, 
368, 370, 374) : 

Spineless Spilogona 355, 357~—365; (359, 
362, 374) 

spinigera Malloch, Hae. 287—288 

spinigera Stein, Hyd. 130 

spinigera Stein, Oph. 30, 64, 106, 113, 115— 
117; (116) 

spinohumera Awati, Mus. (see lusoria) 

spinosa Stein, Hyd. 130 

spinthera Bigot, Pyr. 34, 172, 191, 201, 205; 
(203) 

splendida (Adams), Neo. 34, 219-221; (220) 

splendida Hennig, Pha. 474 

squalens (Walker), Myo. 344 

stabulans (Fallén), Mus. 1, 54, 55, 57, 59, 60— 
61,64, 112, 115, 122, 234, 271; (58) 

steeleae Emden, Ath. 39, 299; (297) 

steini Aubertin, Neo. 227 

steini Pont, Pas. 28, 69, 71-72, 78; (70) 

steini Ringd., Pol. 183 

stimulans (Meigen), Hae. 38, 190, 278, 279-— 
281, 282, 284, 288; (280) 


Stomoxyinae 14, 15, 16, 17, 19, 21, 23, 24, 
26, 37, 173, 178, 201, 204, 270-289 

Stomoxys 24, 97, 99, 105, 110, 122, 271-276, 
324; (4, 272) 

Strigipes Stein, Coe. 418 

Stygeromyia 288 

subfuscinervis (Zett.), Pha. 511 

subsetosa (Curran), Pse. (see nigritarsis) 

subtilis (Stein), Bro. 430-431, 434; (429) 

subventa (Harris), Pha. 332, 470, 473, 484-— 
485, 487, 488, 490, 491, 493, 507; (4, 483) 

subvittata (Séguy), Hel. 452, 453; (451) 

sudeticus, All. 159 

sumatrana Malloch, Pha. 501 

superba Stein, Myo. 21, 315, 333, 335, 343— 
344, 457, 450, 453; (343) 

surda (Zett.), Spi. 355, 367—369, 371; (368) 

Syngamoptera 24, 26, 46; (45) 

Synthesiomyia 23, 24, 27, 47, 53, 54, 62-64, 
66, 72; (63) 


taeniatus Bigot, Sto. 276 

tarsalis (Walker), All. 25, 31, 153, 160; (161) 

tasmaniae Macq., Pyr. 23, 26, 32, 37, 172, 
173, 191, 200, 202-205, 271, 286; (203) 

tempestatum Bezzi, Mus. 240 

tempestiva Fallén, Mus. 35, 36, 143, 239~240, 
244, 251, 435; (237) 

tentaculata (De Geer), Lis. 396—398, 399, 
400, 402; (397) 

tenuiseta Pokorny, Pha. 474 

terraereginae J. & B., Mus. 35, 236; (231) 

terraereginae Malloch, Dic. 491 

testacea Macq., Coe. 418 

Tetramerinx 25, 40, 421; (420) 

thirouxi (Roubaud), Hae. 287 

Thricops (s.lat.) 20, 24, 29, 31, 147, 149, 
151-158, 159, 510; (152, 156) 

Thricops (s.str.) 31, 153, 155, 157-158; (156) 

tibiseta (Pont), Bro. 430, 431 


tigrina (F.), Coe. 133, 150, 183, 416, 417-418; 


(408) 

timorensis (R.-D.), Neo. 35, 213, 214, 225— 
227, 228; (226) 

tincta (Zett.), Myd. (see humeralis) 

titillans (Bezzi), Hae. 38, 286—287; (283) 

tohokucnsis (Shinonaga & Kano), Bro. 430 

tomentigera Emden, Ath. 39, 298 

tonitrui (Wicd.), Bro. 437; (436) 

torquans (Nielscn), Phi. 28, 72, 77-78, 79, 
86; (76) 

torreyae (Johannsen), Spi. 355, 372, 388; (370) 

transporta Snyder, Neo. 87, 88 
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transvera Deeming, Ath. 296 

triangula (Fallén), Pse. 385 

Trichopticoides (sg.) 36, 146, 147, 151, 162, 
167-171; (4, 170) 

tricolor (Zett.), Coe. (see testacea) 

trifaria (Bigot), Och. 48—50; (49) 

trigonalis (Meigen), Pha. (see laeta) 

trimaculata (Bouché), Pha. 418, 440, 470, 
474, 479-480, 482; (478) 

trinitensis Dodge & Aitken, Phi. 28, 79, 80—82, 
83, 85; (81) 

triquetra (Meigen), Aze. 149 

tristis Aldrich, Mes. 186 

tristis (Wied.), Dim. 333 

tuberculata Rondani, Hyd. 30, 126, 127, 
134-136; (135) 

tuberculeifacies (Stein), Rhy. 428 

tuguriorum (Scopoli) Pha. 50, 507-508, 516; 
(506) 

tundrica (Schnabl), Spi. 361 


uber Giglio-Tos, Cyr. 89 

uliginosa Fallén, Lis. 396, 400, 406 

umbratica (Meigen), Heb. 171, 190, 345, 
346-348, 350, 351, 434; (347) 

umbraticola Fonseca, Pha. (see latipalpis) 

ungulata Stein, Myo. (see bina) 

uniseriata (Malloch), Hae. 282 

uniseta Hennig, Heb. 350—351; (354) 

uralica Stein, Pse. (see fletcheri) 

urbana (Meigen), Myd. 190, 324, 329-331, 
335, 336, 346; (330) 

uruma Shinonaga & Kano, Sto. 275 


valida (Harris), Pha. 447, 501, 502, 503-505, 
518; (504) 

vana (Zett.), Spi. 360-361 

varia (Meigen), Ath. 313 

varians Bigot, Pha. $19 

variegata (Meigen), Pha. (see subventa) 

varsaviensis Schnabl & Dziedz., Spi. 369 

velutina R.-D., Hyd. 137-138 

ventrosa Wied., Mus. 35, 240; (241) 

versatilis (Curran), Afr. 323 

versicolor (Stein), Bro. 439 

vespertina (Fallén), Heb. 348—349, 350, 351; 
(347) 

vespertina auctt., Heb. (see nigra) 

yespidicola Dodge, Phi. 72 

vetustissima Walker, Mus. 35, 246—247, 252, 
260, 265; (245) 

viarum R.-D., Pha. (see valida) 

vicana (Harris), Dry. 31, 165, 166, 167-171, 
190; (4, 170) 
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vicaria (Walker), Dic. 441 

vicina (Czerny), Hel. 456, 457; (456) 

villana R.-D., Pha. 440, 502, 512, 514-516, 
518; (515) 

Villeneuvia 25, 40, 373; (374) 

villosa Stein, Hyd. 120 

violaceiventris Macq., Bra. 441 

viridescens (R.-D)., Neo. 34, 214, 215, 217- 
218 | 

viridifrons Macq., Neo. 34, 225; (220) 

vitripennis Meigen, Mus. 238-239; (237) 

vitripennis, of authors, Mus. (see osiris) 

vittifera (Zett.), Pha. (see mystica) 

vivida Rondani, Pha. 474, 500 

vivida R.-D., Pyr. 33, 183, 201-202, 205, 
214; (202) 

Viviparomusca (sg.) 19, 36, 37, 172, 229, 238, 
243, 255, 260, 261, 263-270; (264, 266, 
269) 
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xanthomclaena Wied., Mus. 36, 255, 256—257, 
258, 260; (257) 

Xenomyia 25, 40, 41, 353, 375, 377, 386, 
391, 393-395; (394) 

Xenothoracochaeta 88 

Xestomyia 99, 146, 163 


yorki Deeming, Ath. 38, 289, 295-296; (295) 


zeteki Dodge, Phi. 74 

zetterstedti Rondani, Aze. 147 

zimini Hennig, Eud. 34, 208-209; (207) 

zugmayeriae (Schnabl), Pha. 473, 484, 488— 
490; (489) 

zumpti Zielke, Hen. 175 


Ui 

Of the many insects that man finds objectionable, it is the house: 
fly and its relatives that impinge most persistently on his atten- 
tion. As larvae, many species of Muscidae are able to invade the 
waste-products man’s domestic, of agricultural and commercial 
activities, and adults proliferate in urban and semi-rural areas. In 
this work a survey of our global biological knowledge of the 
Muscidae family provides the keys to a wide range of world genera 
based on mature larval/puparial morphology. 


This comprehensive book is the result of over 25 years of spare- 
time study, and in it the author describes in detail some 450 world 
species of Muscidae, 275 of which are copiously iilustrated. Fur- 
ther, he proposes a unique system of natural classification based 
on an appraisal of all developmental stages, which will facilitate 
the correct identification of undetermined material far more 
readily than has previously been possible. 
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